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(57) Abstract: A patient-specific cutting assembly comprises a model file including geometrical data of a bone of the patient, of an
intramedullary canal of the bone, and a planned orientation of a cutting block. A fixing rod is adapted to be longitudinally inserted in
and extending partially from the intramedullary canal. A patient-specific cutting block is connectable to the fixing rod. The pa tient- specific cutting block includes a structure having a patient specific geometry corresponding to the model file of the patient, the
structure configured to be connected to a portion of the fixing rod projecting from the bone in a unique coupling orientation. A cut ting guide is connected to the structure, the cutting guide being in the planned orientation when the structure is connected to the por tion of the fixing rod projecting from the bone.

PATIENT-SPECI F I C CUTTI NG BLOCK
A N D METHOD OF MAN UFACTU R I NG SAME
CROSS-REFERENCE TO RELATED APPLICATION
[0001]

The present application claims priority on United States Provisional Patent

Application

No. 62/007, 124, filed on June 3 , 201 4 , and incorporated

herein by

reference.
TECH NICAL F I ELD
[0002]

The application

relates generally

to orthopedic

surgery

involving

the

preparation of bones with a view to fixing an implant thereon and, more particularly, to
devices and tools developed in planning for assisting orthopedic surgery.
BACKGROUN D
[0003]

Before posing an implant onto a bone, such as during a knee or hip

replacement surgery, the bone needs to be prepared . The preparation of the bone
includes removing diseased bone, for example, and making additional cuts so that the
bone has a shape matching that of an inside of the implant, or drilling holes, placing

guides, etc for providing guidance landmarks to an operator.

For instance, in knee

implant surgery, transverse and frontal cut planes are made to match surfaces of an
implant.
[0004]

Determination of alterations to the bone, of the portions of the bone that need

to be removed, of guides to be placed may be done prior to surgery using images of the
bone of the patient, in pre-operative planning. The pre-operative planning may help in

ensuring the precision and accuracy of the surgery, as bone alterations will influence
the fit of the implant onto the bone. For example, a bone that has been improperly cut
may lead to improper implant placement, resulting in conditions such as leg length
discrepancy, improper gait, premature implant wear, and pain, to name a few.
SUMMARY
[0005]

Therefore, in accordance with a first embodiment of the present disclosure,

there is provided a method of creating a model of a patient-specific structure of a cutting
block, the cutting block used for assisting an operator in cutting at least one plane in a

bone of a patient, the method comprising: obtaining geometrical data of a bone and of
an intramedullary canal of the bone; determining a penetration of a fixing rod to be

inserted in and extending partially out from an intramedullary canal of the bone, the
penetration based on the geometrical data of the intramedullary canal of the bone and
on a geometry of the fixing rod; determining an orientation of a portion of the fixing rod

projecting out of the bone relative to the bone based on the geometrical data of the
bone, on the geometry of the fixing rod and on the penetration; and creating the model

of the patient-specific structure of the cutting block using the geometrical data of the
bone, a desired position and orientation of the at least one cut plane on the bone, and

the orientation of the portion of the fixing rod projecting out of the bone.
[0006]

Further in accordance

with the first embodiment,

creating the model

comprises determining an orientation of a bore to be formed through the patient-specific
structure, the bore being adapted to connect to the portion of the fixing rod in a unique
coupling orientation.
[0007]

Still further

in accordance

with the first embodiment,

determining

the

orientation of the portion of the fixing rod projecting out of the bone relative to the bone
comprises determining an orientation of the portion relative to a bone axis as the
geometrical data of the bone.
[0008]

Still further in accordance with the first embodiment, obtaining geometrical

data of a bone comprises obtaining a mechanical axis of the bone.
[0009]

Still further

in accordance

with the first embodiment,

determining

the

orientation of the portion relative to the bone axis comprises obtaining a spatial angle
between an axis of the portion of the fixing rod and the bone axis.
[0010]

Still further in accordance with the first embodiment, instructions are created

based on the model of the patient-specific structure for manufacturing the patient-

specific structure .
[0011]

Still further in accordance with the first embodiment, the patient-specific

structure is manufactured based on the instructions.
[0012]

Still further in accordance with the first embodiment, the desired position and

orientation of the cutting plane of the bone is determined using a model of an implant.
[0013]

Still further in accordance with the first embodiment, creating the model

comprises modelling patient-specifically an attachment of the cutting guide to the

patient-specific structure based on an orientation of the patient-specific structure
relative to the bone and of geometrical data of the bone.
[0014]

Still further in accordance with the first embodiment, instructions are created

based on the patient-specific attachment model for manufacturing the patient-specific

cutting attachment.
[0015]

Still further in accordance with the first embodiment, the patient-specific

cutting attachment is manufactured based on the instructions.
[0016]

In accordance with a second embodiment of the present disclosure, there is

provided a patient-specific cutting assembly, the assembly comprising: a model file
including geometrical data of a bone of the patient, of an intramedullary canal of the
bone, and a planned orientation of a cutting block; a fixing rod adapted to be

longitudinally inserted in and extending partially from the intramedullary canal; and a
patient-specific cutting block connectable to the fixing rod, the patient-specific cutting
block including at least: a structure having a patient specific geometry corresponding to
the model file of the patient, the structure configured to be connected to a portion of the
fixing rod projecting from the bone in a unique coupling orientation; and a cutting guide
connected to the structure, the cutting guide being in the planned orientation when the
structure is connected to the portion of the fixing rod projecting from the bone.
[0017]

Further in accordance with the second embodiment, the structure has a bore

extending through opposed first and second faces thereof, the bore having a diameter
allowing the fixing rod to be inserted thereinto, the bore being formed in the structure at
an orientation based on the model file.

[0018]

Still further in accordance with the second embodiment, an orientation of the

bore in the structure is based on a predetermined bone axis.
[0019]

Still further in accordance with the second embodiment, the predetermined

bone axis is a mechanical axis of the bone.
[0020]

Still further in accordance with the second embodiment, a face of the

structure is adapted to abut the bone, the face of the structure has a shaped that is a
negative of a surface of the bone obtained as the geometrical data of the bone of the
patient.
[0021]

Still further in accordance with the second embodiment, the fixing rod has a

geometry that is a negative of an inner surface of the intramedullary canal obtained as
the geometrical data of the intramedullary canal.

[0022]

In accordance with a third embodiment of the present disclosure, there is

provided a method of cutting a bone of a patient in preparation of placement of an
implant onto the bone, the method comprising: inserting a fixing rod longitudinally in an
intramedullary canal of the bone with a portion of the fixing rod extending outside the
bone; connecting a patient-specific structure of a cutting block onto the portion of the

fixing rod extending outside the bone and placing a cutting guide of the patient-specific
cutting block in abutment with the bone in a unique coupling orientation; and cutting the
bone with the cutting guide.
[0023]

Further in accordance with the third embodiment, connecting the patient-

specific structure comprises anchoring the patient-specific structure to the bone and
removing the fixing rod.
[0024]

In another aspect, there is provided a method of manufacturing a patient-

specific structure of a cutting block, the structure providing a support to a cutting guide
for cutting a plane in a bone of a patient, the method comprising: predicting an
orientation of a fixing rod to be inserted in and extending partially from an intramedullary
canal of the bone, the prediction of the orientation of the fixing rod being based on a

known orientation of the intramedullary canal of the bone; determining an orientation of
the fixing rod relative to a bone axis, the bone axis being determined using data of the
bone, the determination of the orientation of the fixing rod being achieved by modelling

the fixing rod inserted in the intramedullary canal; and modelling the patient-specific
structure of the cutting block for manufacture thereof, the modelling including modelling
a bore to be formed through the patient-specific structure, the bore being adapted to
connect to the fixing rod, the bore having an orientation relative to the patient-specific
structure dependent on the orientation of the fixing rod relative to the bone axis.
[0025] In yet another aspect, there is provided a patient-specific cutting assembly, the

assembly comprising: a fixing rod adapted to be longitudinally inserted in and extending
partially from an intramedullary canal of a bone of a patient; and a patient-specific
cutting block connectable to the fixing rod, the patient-specific cutting block including: a
structure comprising: opposed first and second faces; and a bore extending through
opposed first and second faces, the bore having a diameter allowing the fixing rod to be
inserted thereinto, the bore being formed in the structure at an orientation based on an

orientation of the fixing rod should have when inserted in the intramedullary canal and
on an orientation of a predetermined bone axis, the predetermined bone axis being

determined using data of the bone, the structure when inserted into the fixing rod having
a fixed orientation; and a cutting guide connected to the structure, the cutting guide
being parallel to the opposed first and second faces, the cutting guide being at a
distance from the structure based on an implant selected for the bone of the patient.
[0026] In yet another aspect, there is provided a method of cutting a bone of a patient
in preparation of placement of an implant onto the bone, the method comprising:

inserting a fixing rod longitudinally in an intramedullary canal of the bone with a portion
of the fixing rod extending outside the bone; inserting a patient-specific structure of a
cutting block onto the portion of the fixing rod extending outside the bone and placing a
cutting guide of the patient-specific cutting block in abutment with the bone, the
structure having opposed first and second faces and a bore therethrough, an orientation
of the bore relative to the structure being predetermined as a function of an orientation
of the fixing rod relative to the intramedullary canal and of a bone axis, the bone axis
being predetermined using data of the bone, the bore providing a fixed patient-specific
orientation of the structure relative to the bone, the cutting guide extending from the first
face at a predetermined distance, the predetermined distance being dependent on the
implant selected for the bone; and cutting the bone with the cutting guide.
[0027]

DESCRI PTION OF T H E DRAWI NGS

[0028]

Reference is now made to the accompanying figures in which :

[0029]

F I G . 1 is a schematic view of a human femur;

[0030]

F I G . 2 is an X-ray image of a femur;

[0031]

F I G . 3 is a schematic view of a patient-specific cutting block for the femur of

F I G . 1;

[0032]

F I G . 4 is a schematic view of a fixing rod of the patient-specific cutting block

of F I G . 3 inserted in the intramedullary canal of the femur of F I G . 1;
[0033]

F I G . 5 is a schematic view of the femur of F I G . 1 shown with the patient-

specific cutting block of F I G . 3 assembled to the fixing rod;
[0034]

F I G . 6 is a schematic view of FIG. 5 shown from a different angle;

[0035]

F I G . 7 is a flow chart of a method of manufacturing the patient-specific cutting

block of F I G . 3 ; and

[0036]

F I G . 8 is a flow chart of a method of cutting the femur of F I G . 1 with the

patient-specific cutting block of FIG. 3 .
DETAI LED DESCRI PTION
[0037]

The present disclosure will be made with reference to a human femur and a

knee joint replacement surgery. It should be however understood that the disclosed
devices and methods could be applied to human or animal bones other than the femur,
to bone models, and implant surgeries other than knee joint replacement surgeries.
Example of such bones include tibia, humerus and ulna, among others. The femur
discussed herein being a 3-D component,

spatial references will be made to

"orientations". By orientation, it should be understood spatial orientation defined by the
three Euler angles (θ ,φ ,ψ ) relative to a fixed frame of the bone. Also, references within
this specification will be made to frontal plane (a.k.a. coronal plane), transverse plane
(a.k.a. horizontal/vertical plane), and sagittal plane as commonly used as medical

terminology.
[0038]

With reference to F I G . 1, a human femur 10 is schematically shown along a

frontal plane F. The femur 10 is the thigh bone and the longest bone in the body. A
lower end 12 joins the tibia (not shown) to form the knee joint, while an upper end 14 is
rounded into a femoral head 16 that fits into the acetabulum of the pelvis 19 (shown in
F I G . 2) to form the hip joint. Just below the femoral head 16 is the femoral neck 18 . The

lower end 12 includes a lateral condyle 20 and a medial condyle 22, with a midpoint
midway between the lateral condyle 20 and the medial condyle 22.
[0039]

The femur 10 , as other bones in the human body, is made of hard material,

known as cortical bone, compact bone, forming the cortex of the bone. A n inside of the
bone contains a softer material called bone marrow. The bone marrow is contained in a
portion called intramedullary canal 24 (shown in phantom in FIG. 1) . The intramedullary

canal 24 is non visible from the outside of the bone but can be seen on various medical

imaging techniques such as X-rays used for example with magnetic resonance imagery
to perform a 3-D reconstruction of the bone. The bone marrow being made of a material
different from that of a rest of the bone, it may be contrasted out on the images. F I G . 2
shows an example

of such imaging which

enable to detect and define the

intramedullary canal 24 in the bone, the bone portions being in a lighter shade of gray

than the bone marrow.

Hence, the geometry of the intramedullary canal 24 may be

evaluated from the images, such as the X-rays.
[0040]

The femur 10 is to be prepared in view of a knee joint replacement surgery by

altering its knee-joint extremity in order to receive an implant (not shown) thereon. The
lower end 12 is to be partially resurfaced to match a geometry of the implant for the
implant to abut against the resurfaced knee joint in a predetermined position . The
device and methods described herein allow tools such as a cutting block (a.k.a.,
positioning block, cut block, universal positioning block or tool) to be fabricated in part
or as a whole as patient specific. The cutting block and other instruments described
herein are said to be patient-specific, in that their geometries are modeled based on a

planning for every patient's unique anatomy, using imaging techniques. Stated
differently, the instruments such as the cutting block described hereinafter are
developed subsequent to pre-operative steps by which a patient's anatomy is modeled
and the implant position is defined. Hence, the instruments such as the cutting block

described hereinafter have an identity related to a patient, and are most likely
inadequate for being used with other patients, whereby the instruments are typically a
one-time use instrument. Accordingly, the patient-specific instruments each have a
model file of non-transient format which features a two-dimensional

or three-

dimensional model of the patient's anatomy resulting from pre-operative imaging. The
specific geometry of the components of the patient-specific instruments are directly
related to the contents of the model file. This means practically that data of the actual
bone to be altered is used to manufacture portions or an entirety of the cutting block

which once positioned relative to the femur 10 , will be at a fixed predetermined and
planned orientation and will guide a patient-specific cut of the femur 10 .
[0041]

Turning now to F I Gs. 3 to 6 , a patient-specific cutting assembly 30 includes a

model file 3 1 , a fixing rod 32 insertable in the intramedullary canal 24 of the femur 10 ,
and a patient-specific cutting block 34 for cutting off portions of the bone, in preparation

for implanting. The fixing rod 32 connects the patient-specific cutting block 34 to the
femur 10 .
[0042]

The fixing rod 32 is a rigid rod selected to be inserted inside the

intramedullary canal 24 of the femur 10 . To that end, the fixing rod 32 is made of a
biocompatible material . Examples of biocompatible materials include medical grade

aluminum and medical grade titanium alloys. In order to be inserted inside the
intramedullary canal 24, the fixing rod 32 is chosen to have a diameter smaller than that
of the intramedullary canal 24 and to have a length allowing a portion to extend outside
the femur 10 . The diameter of the fixing rod 32 may not be chosen too small that the
fixing rod 32 may radially displace in the intramedullary canal 24. At the same time, the
diameter of the fixing rod 32 may not be chosen to large that the fixing rod 32 may alter
the femur 10 . Similarly, the length of the fixing rod 32 may not be chosen too short that
the fixing rod 32 may not be secured in the intramedullary canal 24 and the cutting
block 34 moves. The fixing rod 32, once inserted, should have a portion 32a extending
from the femur 10 in order to attach a structure 36 of the cutting block 34 thereonto. The
fixing rod 32 may be selected from a pool of already available rods or may be custom
made to have a patient-specific geometry corresponding to that of the intramedullary
canal 24. Hence, the fixing rod 32 may be one of the patient-specific instruments

resulting from the pre-operative planning. In order to select the fixing rod 32, data on
the femur 10 is analysed to determine a shape and size of the intramedullary canal 24.
In one example, X-rays, such as the one of F I G . 2 , are used to delimitate walls of the
intramedullary canal 24, from which can be deduced a diameter and a length of the
intramedullary canal 24.

For instance, frontal and transverse X-rays may suffice in

evaluating the geometry of the intramedullary canal 24 and predict a fit of the fixing rod
32 therein. In another example, a 3-D model of the intramedullary canal is created, and

may be part of the model file 31, this embodiment being particularly useful when the
fixing rod 32 has a geometry specific to the patient and thus shaped for custom and
unique penetration in the intramedullary canal 24.
[0043]

The patient-specific cutting block 34 includes the structure 36 to which one or

more cutting guides 37 may be connected . Each of the cutting guide 37 has a cut slot,
in which a blade may be inserted to guide in cutting the femur 10 along a plane of the

cut slot. Other accessories may also be connected to the structure 36, such as drill
guides, mill guides, reamer guides, in similar fashion to the cutting guide 37.

The

cutting guide 37 is removably connected to the structure 36 by an attachment 35. The
cutting guide 37 and/or the attachment 35 may be selected from a pool of already made
components or be patient-specific (i.e. manufactured based on patient's data), as a
monolithic component with or without the structure 36.

The attachment 35 may be

connected to different locations on the structure 36 so as to orient cutting guide 37 and
other alteration accessories to cut through different planes, such as the planes
described above, or alter the bone at selected locations. In yet another embodiment,
the cutting guide 37 are cut slots defined directly in the structure 36.

According to

another embodiment, temporary anchor holes are provided in the structure 36 to secure
same to the femur F, after it has been positioned and oriented as planned relative to the
femur F. This may allow the removal of the fixing rod 32, as the rod 32 could otherwise
be in the way of cut blades. For example, lateral walls may project from the structure
36 for securing the structure 36 to medial/lateral portions of the femur F, which

medial/lateral portions are not resurfaced during knee joint surgery.
[0044]

In one non-limiting embodiment, the structure 36 has opposed first and

second faces 38, 39. The second face 39 may abut the bone when installed onto the

fixing rod 32. In order to provide a unique coupling orientation, the second face 39 may
have a patient specific surface, being a negative of the bone it will abut, for unique
complementary contact. Alternatively, the structure 36 may have abutments positioned
as a function of the planning, again to ensure the unique coupling orientation. The

structure 36 may made of a biocompatible material which may be same or different than
the one used for the fixing rod 32. The structure 36 may have dimensions similar to that
of the lower end 12 of the femur 10 against which it will abut (shown in F I G . 5). The
structure 36 may be selected from a pool of already available structures or may be
custom made based on preoperative data, such as model file 31, representative of the
femur 10 it will be put onto.
[0045]

The structure 36 includes a bore 40 (shown in F I G . 3) which is designed to

position the structure 36 in a predetermined orientation to, in turn, position the cutting

guide 37 along a desired cutting plane. The positioning of the bore 40 in the structure
36 may therefore be patient specific, such that the assembly of the structure 36 onto the

fixing rod 32 via the bore 40 results in a planned unique coupling orientation of the
structure 36 relative to the bone.

When the patient-specific cutting assembly 30 is

assembled onto the femur 10 , the bore 40 receives the fixing rod 32. As such, the bore
40 is dimensioned to have a diameter larger than that of the fixing rod 32, for sliding

movement thereon. In one embodiment, the diameter of the bore 40 is slightly larger
than that of the fixing rod 32 to reduce any play therebetween . In addition, to provide

the desired orientation of the structure 36, the bore 40 is disposed at a predetermined
orientation relative to the opposed faces 38, 39 as mentioned above. It is also
contemplated to provide a unique coupling orientation joint between the portion 32a of
the fixing rod 32 and the bore 40, to reach the unique coupling orientation of the
structure 36 relative to the bone.

In the embodiment shown in the figures, the

predetermined orientation corresponds to an angle a between the bore 40 and the
opposed faces 38, 39. The angle a shown in the figures is an absolute angle. It may be
decomposable into two angles projected respectively on the frontal plane F and a
sagittal plane S (shown in F I G . 1) . The angle a is chosen based on an orientation of the
fixing rod 32 relative to the femur 10 when the fixing rod 32 is inserted in the
intramedullary canal 24, i.e. axis A 1 , and on an orientation of a predetermined bone
axis A2, for instance combining the angles along the transverse plane T and the frontal

plane F. The axes A 1 and A2 are shown in F I G . 4 .
[0046]

The axis A 1 may be defined as the axis of the fixing rod 32 when the fixing

rod 32 is inserted in the intramedullary canal 24. The orientation of the axis A 1 may thus

be determined preoperatively, after modelling the insertion of the fixing rod 32 into the

intramedullary canal 24 using data of the femur 10 from, for example, pre-operative
radiographic images, to determine an orientation of the intramedullary canal 24 and
data of the selected fixing rod 32. In another example, the axis A 1 may be defined as an

axis passing at equidistance between walls of the intramedullary canal 24.
[0047]

The axis A2 may be defined as an axis based on loads experienced by the

femur 10 during normal use and/or connections to the other bones (pelvis and knee).
For example, the axis A2 may be defined as the mechanical axis passing through the
center of the femoral head 16 and the midpoint 2 1 (shown in F I G . 4) between the
condyles 20, 22. Other definitions of the axis A2 are contemplated, as desired by the
user of the system. The determination of the axis A2 may be using data of the bone,
such as the X-rays or a 3-D model of the bone. Virtual modelling of the bone 10 and the

loads may also be used to determine the axes A 1 and A2.
[0048]

The axes A 1 and A2 are determined in a non-invasive pre-operative manner

and before manufacturing the structure 36 so that the bore 40 may be formed in the

structure 36 at the angle a desired such that once the fixing rod 32 and structure 36 are
in place on the femur 10 , the structure 36 provides the desired orientation for the cutting

guide 37, simply by positioning the structure 36 on the fixing rod 32, without the
subsequent need for intraoperative navigation to adjust the orientation of the structure
36.
[0049]

In a femoral knee embodiment, the structure 36 may accommodate the

attachment 35 in three distinct positions, so that the cutting guide 37 may be positioned
to cut the femur 10 along the three different planes: transverse, frontal anterior and
frontal posterior. The structure 36 could accommodate more or less than three distinct
cutting positions, for examples by providing drill positions, and defines planes other than
transverse and frontal. The planes corresponds to planes defined in the implant and
through which the implant and the femur 10 will connect in coplanar fashion, and may
include oblique planes. In the embodiment shown in the figures, the cutting guide 37 is
disposed so as to perform cuts parallel to a transverse plane T. As shown in Fig. 5 , the
transverse plane T is parallel to the faces 38, 39 of the structure 36. The cutting guide
37 is disposed at a distance d (shown in F I G . 3) from the face 39 which is determined

based on the implant selected (i.e. depth of the inside of the implant). The cutting guide
37 could be disposed along another plane after the cut along the transverse plane T.

The other plane may be a plane perpendicular to the transverse plane T or at an angle
with the transverse plane T. As such, the cutting guide 37 can be used to sequentially
cut along different predetermined planes.
[0050]

Turning now to FIG. 7 , a method 50 of manufacturing the patient-specific

cutting block 30 will be described . The method 50 is performed before surgery in order
to provide a patient-specific bone cutting assembly or a patient-specific portion thereof.
[0051]

According to 5 1, bone data is obtained, using imaging of the bone.

For

example, a model of the bone may be created . The bone data may include size,
diameter and/or geometry of the intramedullary canal 24, and a model of the bone
surface to be resurfaced, as well as axes, such as a mechanical axis of the femur F in
the case of knee joint surgery.
[0052]

The method 50 has a step 52 of determining the orientation of the fixing rod

32 as inserted in the intramedullary canal 24. The geometry of the intramedullary canal

24 may be determined from the bone data obtained at 5 1 . Based on the dimension and

shape of the intramedullary canal 24, a fixing rod 32 may be selected as described
above.

Alternatively, a fixing rod 32 specific to the patient may be designed in

accordance with the geometry of the intramedullary canal 24 of the patient, ensure a
specific and unique-orientation fit of the fixing rod 32 in the intramedullary canal 24.
Modelling can be used to virtually insert the selected fixing rod 32 into the
intramedullary canal 24 in order to determine an orientation of the portion 32a of the
fixing rod 32 relative to the surrounding bone, for instance by determining axis A 1 .
Other techniques can be used to determine the orientation of the portion 32a relative to
femur F.
[0053]

From step 52, the method 50 goes to step 54 where the orientation of the cut

planes are determined. For example, the orientation of the cut planes may be based on
the bone axis A2 (mechanical axis) based on an operator's preference in planning
surgery, for instance in a fashion described above. For example, it may be desired that
the bone axis A2 be normal to a transverse cut plane. Likewise, the anterior frontal and
posterior frontal planes may be parallel to the bone axis A2, and perpendicular to the
transverse cut plane.

The bone axis A2 may have been drawn onto radiographic

images or been virtually modelled onto a 3-D model of the femur 10 in step 51. Other
ways to determine the orientation of the cut planes and/or indicate the bone axis A2 are
contemplated. Then, the orientation of the bone axis A2 and of the fixing rod 32 inside
the intramedullary canal 24 may be used to determine an orientation between them, for
example using the angle a described above.
[0054]

From step 54, the method 50 goes to step 56, where the patient-specific

cutting block 30 is modeled based on the orientations of the axis A 1 and A2 and on the
orientation of the cut planes. As such, the method 50 may take into consideration the
size of the implant that will be used . A portion (such as the structure 36) of the cutting
block 30 or the entirety of the cutting block 30 can be modeled to be patient-specific. In
the example below, the structure 36 is modeled to be patient specific. The model
includes the bore 40 formed in the structure 36 at an angle related to the angle a , which
indicates the orientation between the axes A 1 and A2 and is thus patient specific as it
was determined based on preoperative planning specific to the client. In one
embodiment, the angle a corresponds to the orientation between the axis A 1 and the
axis A2 in the transverse plane and the frontal plane. However, modelling at step 54

may include only knowing relative orientations of the parts so as to select the structure

36 and form the bore 40 in accordance to the axis A 1 and A2, and not necessarily 3-D

modelling of the structure 36.
[0055]

The method 50 may be followed by the steps of creating instructions based

on the model of the structure 36 for manufacturing the structure 36, and manufacturing

the structure 36 based on the instructions. The method 50 may also include selecting
from a pool of attachments 35 or manufacturing the attachments 35 based on patient's
data such that the cutting guide 37 is at the distance d according to the implant

selected, the distance d being determined by the dimensions of the implant. Similarly,
the cutting guide 37 may be selected form a pool of cutting guides 37 or manufactured
based on patient's data and on the distance d . The implant may be selected based on

patient data, and the implant characteristics may be provided so that the distance d may
be determined .
[0056]

Once the structure 36 is manufactured, the assembly of the structure 36,

attachment 35 and cutting guide 32, if required, is performed intraoperatively.
[0057]

Turning now to F I G . 8 , a method 60 of cutting the femur 10 with the patient-

specific cutting block 30 in preparation of placement of the implant thereonto will be
described .
[0058]

At step 62, with the femur resected or machined to expose the intramedullary

canal, the fixing rod 32 is inserted longitudinally in the intramedullary canal 24 of the

femur 10 such that the portion 32a of the fixing rod 32 extends outside the bone in the
predicted manner.
[0059]

At step 64, once the fixing rod 32 is inserted, the structure 36 may be installed

onto the portion 32a, for instance until abutment with the lower end 12 of the femur 10 .
The structure 36, once inserted onto the fixing rod 32, may be rotated around the fixing
rod 32 until being blocked in a desired position. For this purpose, the structure 36 may

have abutments positioned to ensure that the structure 36 has a unique coupling
orientation of abutment against the bone when installed onto the portion 32a. In one
embodiment, the structure 36 is rotated so as to abut the posterior condyles. Other
ways to position the structure 36 relative to the bone 10 are contemplated, such as
complementary mating or abutment. The bore 40 provides a fixed patient-specific
orientation of the structure 36 relative to the bone 10 . As such, when the structure 36 is
inserted, there may be no adjustment of the orientation of the structure 36 relative to the

femur 10 , as the structure 36 may necessarily adopt the unique coupling orientation. It
may be necessary to rotate the structure 36 about the portion 32a to ensure that a
desired orientation is reached . For this purpose, the structure 36 may have a visual
marker to be aligned with the midpoint 2 1 (Fig. 4), or may have a projecting abutment
that will abut against the bone in the predicted orientation, as alternatives to the patient
specific second face 39. For instance, the attachment 35 may be positioned onto the
structure 36 and the cutting guide 37 placed in abutment with the bone, to serve as the
means for aligning the structure 36 in a degree of freedom of orientation that is about
the axis of the fixing rod 32, if the portion 32a is round in cross-section . Other examples
to set the rotation include one or more visual markers aligned with bony landmarks (e.g.
epicondylar axis), surfaces on the patient-specific cutting block 30 matching a shape of
the bone 10 , abutment against the bone or cartilage, and abutment against posterior
condyles.
[0060]

In step 66, the bone may be cut along the transverse plane T (or another

plane, depending

on the cutting

guide 37 position, as discussed

above). The

attachment 35 positions the cutting guide 37 at the distance d predetermined in function
of the implant. It may be required that the structure 36 be pinned down to the bone, and
the fixing rod 32 be removed, prior to cutting the bone.
[0061]

The above device and methods allow to adapt the cutting tools to each patient

so as to provide more precise cutting and therefore better fit of the implant. The above
methods may be performed with already existing images of the bones or with new
images of the bone. The patient-specific cutting block may be manufactured using a
pool of structures, rods and cutting attachments and customising the bore orientation

and the distance between the cutting guide and the structure.
[0062]

The above description is meant to be exemplary only, and one skilled in the

art will recognize that changes may be made to the embodiments described without

departing from the scope of the invention disclosed . Other modifications which fall
within the scope of the present invention will be apparent to those skilled in the art, in
light of a review of this disclosure, and such modifications are intended to fall within the
appended claims.

CLAIMS:
1.

A method of creating a model of a patient-specific structure of a cutting block,

the cutting block used for assisting an operator in cutting at least one plane in a bone of
a patient, the method comprising:
obtaining geometrical data of a bone and of an intramedullary canal of the bone;
determining a penetration of a fixing rod to be inserted in and extending partially
out from an intramedullary canal of the bone, the penetration based on the geometrical
data of the intramedullary canal of the bone and on a geometry of the fixing rod;
determining an orientation of a portion of the fixing rod projecting out of the bone
relative to the bone based on the geometrical data of the bone, on the geometry of the
fixing rod and on the penetration; and
creating the model of the patient-specific structure of the cutting block using the
geometrical data of the bone, a desired position and orientation of the at least one cut
plane on the bone, and the orientation of the portion of the fixing rod projecting out of
the bone.

2.

The method as defined in claim 1, wherein creating the model comprises

determining an orientation of a bore to be formed through the patient-specific structure,
the bore being adapted to connect to the portion of the fixing rod in a unique coupling
orientation.

3.

The method as defined in any one of claims 1 and 2 , wherein determining the

orientation of the portion of the fixing rod projecting out of the bone relative to the bone
comprises determining an orientation of the portion relative to a bone axis as the
geometrical data of the bone.

4.

The method as defined in claim 3 , wherein obtaining geometrical data of a bone

comprises obtaining a mechanical axis of the bone.

5.

The method as defined in any one of claims 3 and 4 , wherein determining the

orientation of the portion relative to the bone axis comprises obtaining a spatial angle
between an axis of the portion of the fixing rod and the bone axis.

6.

The method as defined in any one of claims 1 to 5 , further comprising creating

instructions based on the model of the patient-specific structure for manufacturing the
patient-specific structure .

7.

The method as defined in claim 6 , further comprising manufacturing the patient-

specific structure based on the instructions.

8.

The method as defined in any one of claims 1 to 7 , further comprising

determining the desired position and orientation of the cutting plane of the bone using a
model of an implant.

9.

The method as defined in any one of claims 1 to 8 , wherein creating the model

comprises modelling patient-specifically an attachment of the cutting guide to the
patient-specific structure based on an orientation of the patient-specific structure
relative to the bone and of geometrical data of the bone.

10.

The method as defined in claim 9 , further comprising creating instructions based

on the patient-specific attachment model for manufacturing the patient-specific cutting

attachment.

11.

The method as defined in claim 10, further comprising manufacturing the

patient-specific cutting attachment based on the instructions.

12.

A patient-specific cutting assembly, the assembly comprising:
a model file including geometrical data of a bone of the patient, of an

intramedullary canal of the bone, and a planned orientation of a cutting block;
a fixing rod adapted to be longitudinally inserted in and extending partially from
the intramedullary canal; and
a patient-specific cutting block connectable to the fixing rod, the patient-specific
cutting block including at least:

a structure having a patient specific geometry corresponding to the
model file of the patient, the structure configured to be connected to a portion of

the fixing rod projecting from the bone in a unique coupling orientation; and
a cutting guide connected to the structure, the cutting guide being in the
planned orientation when the structure is connected to the portion of the fixing
rod projecting from the bone.

13.

The patient-specific cutting assembly according to claim 12, wherein the

structure has a bore extending through opposed first and second faces thereof, the bore
having a diameter allowing the fixing rod to be inserted thereinto, the bore being formed
in the structure at an orientation based on the model file.

14.

The cutting assembly as defined in claim 13, wherein an orientation of the bore

in the structure is based on a predetermined bone axis.

15.

The cutting assembly as defined in claim 14, wherein the predetermined bone

axis is a mechanical axis of the bone.

16.

The cutting assembly as defined in any one of claims 12 to 15, wherein a face of

the structure is adapted to abut the bone, the face of the structure has a shaped that is
a negative of a surface of the bone obtained as the geometrical data of the bone of the
patient.

17.

The cutting assembly as defined in claim 12, wherein the fixing rod has a

geometry that is a negative of an inner surface of the intramedullary canal obtained as
the geometrical data of the intramedullary canal.

18.

A method of cutting a bone of a patient in preparation of placement of an implant

onto the bone, the method comprising:
inserting a fixing rod longitudinally in an intramedullary canal of the bone with a
portion of the fixing rod extending outside the bone;

connecting a patient-specific structure of a cutting block onto the portion of the
fixing rod extending outside the bone and placing a cutting guide of the patient-specific
cutting block in abutment with the bone in a unique coupling orientation; and
cutting the bone with the cutting guide.

19.

The method as defined in claim 18, wherein connecting the patient-specific

structure comprises anchoring the patient-specific structure to the bone and removing
the fixing rod.
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