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PATIENT SPECIFIC INSTRUMENTATION 
WITH MEMS IN SURGERY 

FIELD OF THE APPLICATION 

[0001] The present application relates to the patient 

specific instrumentation and inertial sensors such as micro

electromechanical sensors (MEMS) in orthopedic surgery.  

BACKGROUND OF THE ART 

[0002a] 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.  

[0002b] Where the terms "comprise", "comprises", 

"comprised" or "comprising" are used in this specification 

(including the claims) they are to be interpreted as 

specifying the presence of the stated features, integers, 

steps or components, but not precluding the presence of one 

or more other features, integers, steps or components, or 

group thereto.  

[0002] One of the essential steps in navigating a bone 

and tools with MEMS sensors is to initially locate the bone 

relative to the sensors, i.e., creating a frame of reference 

or coordinate system. Some steps must be performed to 

create the frame of reference considering specifications of 

MEMS sensor systems. Specifications of MEMS sensor systems 

may include orientation tracking along two degrees of 

freedom only, or the absence of positional tracking. Known 

steps of calibration comprise various manipulations of a 

sensor and/or bone, for the orientational setting of the 

sensor (hereinafter, the reference tracker) with respect to 

the bone. Once the orientational setting is completed, 

navigation steps may be performed, with the bone being 

tracked via the frame of reference using the reference 

tracker.
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[00031 In some instances, the sensor must be constrained 

with respect to a bone for subsequent tracking. For femur 

tracking for example, the orientation of the sensor relative 

to the lateral axis can be constrained mechanically (e.g., 

with claws inserted under the posterior condyles) so that 

the sensor lateral axis is aligned with the lateral axis of 

the bone.  

[0004] In other instances, various tools used to perform 

alterations on a bone must be calibrated with respect to a 

MEMS reference tracker, to be tracked during navigation.  

One example is the cutting block (a.k.a., positioning 

block), which may be mechanically constrained to the MEMS 

reference tracker for the calibration to be made. In such 

known cases, specific manipulations must be executed by the 

operator to ensure that the positioning block is connected 

to the reference tracker for the calibration of the 

positioning block, for subsequent tracking and bone 

alterations.  

[0005] Patient specific instrumentation (hereinafter 

"PSI") pertains to the creation of instruments that are made 

specifically for the patient, and that hence have a contact 

surface(s) that is a negative of the bone surface to which 

it will be anchored. Hence, when the contact surface of the 

PSI is positioned against the bone, there is complementary 

contact (the contact surface negatively matching the anchor 

surface) . PSI are typically manufactured from data using 

imagery to model bone geometry and thus be a true negative.  

The complementary engagement is predictable as such contact 

surfaces are specifically manufactured to match the surface 

of a bone. It would therefore be desirable to use PSI 

technology with MEMS.  

SUMMARY OF THE APPLICATION 

[0006] It is therefore desirable to provide a novel 

method and patient specific instrumentation for tracking 

bones and tools using MEMS in surgery.
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[0007] Therefore, in accordance with a first embodiment 

of the present disclosure, there is provided a method for 

creating a patient specific instrument model with an 

inertial sensor unit, comprising: obtaining a patient 

specific bone model of at least part of a bone; identifying 

at least one contact surface of the bone; identifying 

orientation data related to the bone, a geometrical relation 

between the at least one contact surface and the orientation 

data being known; generating a patient specific instrument 

model having at least one surface negatively corresponding 

to the at least one contact surface of the bone; defining a 

connection configuration for an inertial sensor unit in the 

patient specific instrument model using said geometrical
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relation, the connection configuration relating a preset 

orientation of the inertial sensor unit to the orientation 

data of the bone; and outputting the patient specific 

instrument model with the connection configuration for 

receiving the inertial sensor unit.  

[0008] Further in accordance with the first embodiment, 

identifying orientation data related to the bone comprises 

identifying at least one axis of the bone.  

[0009] Still further in accordance with the first 

embodiment, identifying orientation data related to the bone 

comprises scanning the bone while in a known orientation 

relating the ground, identifying at least one axis of the 

bone, generating the patient specific bone model from the 

scanning, and relating the known orientation to the patient 

specific bone model.  

[0010] Still further in accordance with the first 

embodiment, defining a connection configuration comprises 

aligning an axis from the preset orientation of the inertial 

sensor unit with an axis of said orientation data.  

[0011] Still further in accordance with the first 

embodiment, wherein outputting the patient specific 

instrument model comprises outputting a receptacle in the 

patient specific instrument model for receiving the inertial 

sensor unit in the connection configuration.  

[0012] In accordance with a second embodiment of the 

present disclosure, there is provided a method for tracking 

a bone with a patient specific instrument with an inertial 

sensor unit, comprising: obtaining a patient specific 

instrument with an inertial sensor unit, the inertial sensor 

unit being preset with orientation data related to the bone; 

placing the patient specific instrument on the bone by 

complementary contact between a surface of the bone and a 

negative patient specific surface of the patient specific 

instrument; initializing the inertial sensor unit in the 

complementary contact to relate the orientation data to the 

bone; and tracking the bone using data provided by the 

inertial sensor unit.
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[0013] Still further in accordance with the second embodiment, 

initializing the inertial sensor unit comprises aligning an 

axis of the orientation data of the inertial sensor unit 

with an axis of the bone obtained with the patient specific 

instrument.  

[0014] Still further in accordance with the second embodiment, 

obtaining a patient specific instrument with an inertial 

sensor unit comprises obtaining the patient specific 

instrument with the inertial sensor unit separately, and 

further comprising connecting the inertial sensor unit to 

the patient specific instrument in a known connector 

configuration.  

[0015] In accordance with a third embodiment of the present 

disclosure, there is provided an assembly of a patient 

specific instrument and tracking system comprising: a 

patient specific instrument having a body with a patient 

specific contact surface negatively shaped relative to a 

corresponding surface of a bone for complementary contact 

therewith, and an inertial sensor unit programmed with a 

preset virtual orientation, the inertial sensor unit being 

received in a receptacle on the body to be fixedly connected 

to the body in a planned connection configuration, such that 

a geometrical relation between the contact surface and the 

inertial sensor unit is known when the body and the inertial 

sensor unit are fixed to the bone; and a tracking system 

having a tracking processor connected to the inertial sensor 

unit, a user interface, and bone orientation data related to 

the patient specific contact surface, the tracking processor 

producing orientation tracking data for the bone using the 

geometrical relation and the bone orientation data when the 

preset virtual orientation of the inertial sensor unit is 

initialized, to output the orientation tracking data on the 

user interface.  

[0016] Further in accordance with the third embodiment, the 

patient specific instrument comprises a tool interface in 

the body, with a geometrical relation between the tool 

interface and the inertial sensor unit being known.
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[0017] Still further in accordance with the third 

embodiment, the tool interface is one of a cut guide and a 

drill guide.  

[0018] Still further in accordance with the third 

embodiment, the bone orientation data is a file comprising 

at least one axis of the bone.  

[0019] Still further in accordance with the third 

embodiment, the body comprises a receptacle for releasably 

receiving the inertial sensor in the connection 

configuration.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a flowchart of a method for creating a 

patient specific instrument model with a preset MEMS unit, 

and for tracking bones using same, in accordance with the 

present disclosure; and 

[0021] Fig. 2 is a block diagram of a patient specific 

instrument with MEMS unit and tracking processor, in 

accordance with the present disclosure.  

DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

[0022] Referring to the drawings and more particularly to 

Fig. 1, there is provided a method for creating a patient 

specific instrument model with a preset microelectro

mechanical sensors unit, and for tracking a bone using same.  

The microelectromechanical sensors unit (hereinafter MEMS 

unit, a.k.a., inertial sensor unit) produces readings 

pertaining to at least two degrees of freedom (DOFs) in 

orientation (rotation about axes), although the MEMS could 

provide readings for more degrees of freedom, in orientation 

and/or translation, if appropriately equipped. The MEMS 

unit may comprise a gyroscope and/or accelerometer, or sets 

thereof, among other possibilities. The MEMS unit may be of 

the preset type, in that it is preset with axes whose 

orientation are known relative to landmarks when the MEMS 

unit is initialized (i.e., initially turned on).
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[0023] Referring to Fig. 1, a method 20 is illustrated 

for the creation of the PSI and initialization thereof for 

subsequent surgical steps to be performed on the bone.  

[0024] According to a first sequence of steps, PSI model 

generation planning is performed. The first sequence of 

steps results in the creation of a PSI model for subsequent 

manufacturing of the PSI according to the present 

disclosure.  

[0025] According to step 21, a bone model is obtained.  

The bone model is typically a 3-D model that is created from 

pre-operative imagery (e.g., CT scans, etc) and model 

generation, and is hence patient specific as it is a 

physiological model of the specific patient's 

bone/cartilage. Depending on the number of bones involved in 

the surgery, step 21 may involve the creation of more than 

one patient specific bone model. Moreover, although 

reference is made to a bone model, it should be understood 

that the models may be for parts of a bone, as opposed to 

the complete bone. The generation of the model may include 

cartilage and/or other anatomical material. The imaging may 

be done by any appropriate technology such as CT scanning 

(computerized tomography), fluoroscopy, or like radiography 

methods, providing suitable resolution of images. It is 

also considered to use other methods to generate the bone 

model, such as digitizing points on the bone, etc.  

[0026] According to step 22, contact surfaces are 

identified on the bone from the model(s) of 21. The anchor 

surfaces are selected as being sufficiently large to support 

a PSI. Moreover, the PSI may be anchored (e.g., screwed, 

fastened) to the bone whereby the contact surface or 

adjacent surfaces should be capable of being altered (e.g., 

pierced, drilled).  

[0027] Still in step 22, orientation data is obtained 

from the model(s) of step 21. More specifically, the 

orientation data may be axes of the modeled bone, rotational 

axes of a joint, etc. As the orientation data is obtained 

from the patient specific bone model, the orientation data
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is also specific to the patient. The 3-D models of step 21 

or like images (e.g., 2-D images) may provide sufficient 

resolution or data to identify this orientation data. For 

instance, bone landmarks may be visible from the images of 

step 21 to obtain this orientation data. Alternatively, 

landmarks may be taken manually directly on the bone (e.g., 

using tracking devices, etc), and the orientation data may 

be obtained with these landmarks. It is pointed out that 

the geometrical relation between the orientation data and 

the contact surfaces is known, as this geometrical relation 

is obtained from images of step 21, or from any manual 

operation performed for this purpose.  

[0028] According to an embodiment, the bone model of step 

21 is obtained from a pre-operative scan (e.g., in a MRI, 

calibrated X-ray or CT-Scan) in which the bone is in a known 

relationship with respect to the ground. A 3D model of the 

bone is obtained from the images, but the relationship to 

ground is maintained, and is used in step 22 as orientation 

data. This may be performed for one or more bones. With 

multiple bones, the orientation data may comprise 

geometrical data relating bones to one another.  

[0029] According to step 23, using the contact surfaces 

and orientation data as obtained from the bone model(s) 

and/or manipulations, and the geometrical relation between 

the contact surfaces and the orientation of the bone, a PSI 

model is generated. The PSI model will have a negative 

contact surface(s) defined to complementarily abut against 

the contact surface(s) obtained in step 22, in a predictable 

and precise manner.  

[0030] Moreover, the PSI model may have a connection 

configuration for receiving any appropriate MEMS unit, if 

the MEMS unit is to be provided as a separate component 

attachable to the PSI resulting from the PSI model. The 

connector configuration of the PSI model is defined using 

the orientation data of step 22 and the geometrical relation 

between the orientation data and the contact surface(s). For 

instance, the connection configuration may be a receptacle
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defined in the PSI for receiving a preset MEMS unit. The 

connection configuration is defined such that the 

orientation of the MEMS unit is known relative to the PSI 

when the MEMS unit is installed in the PSI, and therefore 

known relative to the contact surface(s) and to the 

orientation data. In other words, when the MEMS unit is 

initialized, its orientation along at least one axis will be 

known relative to the PSI. If the PSI is secured to the 

bone in the planned manner (step 22) , the initialization of 

the MEMS unit will result in the automatic calibration of 

the MEMS unit relative to the orientation of the bone to 

which the PSI connected.  

[0031] According to an embodiment, the PSI may be used 

with other components and/or tools. For instance, the PSI 

may incorporate or support a cutting block or cutting guide 

that will allow to cut planes upon which will be anchored 

the implant. The PSI model of step 23 may therefore 

comprise cutting planes, guides, slots, or any other tooling 

interface or tool, oriented and/or positioned to allow bone 

alterations to be formed in a desired location of the bone, 

relative to the contact surface(s). Thus, PSI model may 

also take into consideration any planning done by the 

operator (e.g., surgeon), to therefore allow the removal of 

sufficient bone material to reproduce desired gaps between 

cut planes on adjacent bones, etc.  

[0032] Once the PSI model has been generated, the PSI may 

be created. The PSI incorporates a preset MEMS unit or the 

preset MEMS unit may be separate, but in both cases the 

connection configuration between the PSI and MEMS unit is 

known.  

[0033] According to a second sequence of steps, the 

surgery may be performed. According to step 24, the PSI 

with the preset MEMS unit may be obtained by the surgeon or 

operator.  

[0034] According to step 25, the PSI with preset MEMS 

unit may be installed on the bone as planned. Therefore, 

when installing the PSI on the bone, the negative contact
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surface(s) on the PSI (as discussed in step 22) is(are) 

applied against the corresponding surface(s) of the bone.  

The complementary engagement of the negative contact surface 

and the bone will self-align the placement of the PSI.  

Accordingly, by installing the PSI as planned, the 

orientation data preset into the MEMS unit of the PSI (step 

22) may be transposed to the bone.  

[0035] Therefore, according to step 26, the preset MEMS 

unit may be initialized. When the MEMS unit of the PSI is 

ready to be initialized, the PSI has been secured to the 

bone. At the moment at which the MEMS unit on the PSI is 

initialized, the relation is established between the bone 

and the orientation data preset into the MEMS unit. From 

this point on, the orientation may be tracked for the bone 

from the readings of the initialized MEMS unit.  

[0036] In the embodiment at which the orientation data 

comprises an orientation relative to the ground, it is 

possible to track the position and/or orientation of the 

bone in space relative to the ground plane provided by the 

pre-operative imaging. It is also possible to know the 

relative position and/or orientation of one bone with 

respect to the other. In this configuration, the movement 

of one bone may be navigated with respect to the other, 

giving range-of-motion data.  

[0037] According to step 27, bone alterations may be 

performed using the tracking provided by the initialized 

MEMS unit. Step 27 may comprise the connection of additional 

components on the PSI, the use of the PSI as a guide, etc.  

As an alternative, step 27 may comprise additional 

calibration steps to confirm that the orientation data 

produced by the MEMS unit accurately represents the actual 

orientation of the bone. For instance, various methods have 

been developed and described to create frames of reference 

using MEMS reference trackers for tracking of bones, for the 

subsequent tracking of the bones. A method is described in 

United States Patent Application Publication 

No. 2009/0247863, published on October 1, 2009, incorporated



WO 2014/015433 PCT/CA2013/050574 

-10 

herein by reference. Another method is described in United 

States Patent Application Publication No. 2009/0248044, 

published on October 1, 2009, incorporated herein by 

reference. Yet another method is described, for a femoral 

application, in United States Patent Application 

No. 12/846,934, filed on July 30, 2010, also incorporated 

herein by reference. Of interest in these references are 

the methods and systems to create a frame of reference 

(e.g., a coordinate system) with a MEMS sensor unit (i.e., 

reference tracker) with respect to a bone for the subsequent 

tracking of the bone in orientation Any of the methods 

described in these patent applications and, more 

importantly, simplifications thereof, may be performed to 

confirm that the orientation data provided by the MEMS unit 

accurately represents the actual orientation of the bone.  

For instance, if a prior art method requires multiple points 

to be obtained, it may be possible to obtain fewer points in 

such methods as these methods would be use as a validation.  

[0038] In other words, tools or references with MEMS unit 

may be fixed to the bone, and then the relationship to the 

contact surface of the PSI may be used to shorten the usual 

MEMS registration process (for instance less points to 

digitize on the femur) . This can be done if PSI cannot 

provide enough accuracy, but could be used to substantially 

simplify the registration of bones.  

[0039] It is pointed out that the aforedescribed method 

may be performed on bone models or cadavers. The sequence 

of steps of the method may also be in any other suitable 

order.  

[0040] In one embodiment, the MEMS unit of the cutting 

block is a "zero" initial orientation for each rotational 

axis it tracks. In the "zero" initial orientation, the 

rotational axes are orthogonal to the MEMS unit of the PSI.  

Other initial configurations are possible as well.  

[0041] Referring now to Fig. 2, there is illustrated at 

30 a PSI of the type created and used in the method 20 of 

Fig. 1. The PSI 30 comprises a body 31. The body 31 has a
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negative contact surface 32 (or contact surfaces 32) 

specifically manufactured for the patient (i.e., it is 

patient specific), so as to marry the shape (i.e., 

complementarily contact) of a bone contact surface of bone 

B, as planned. A MEMS unit 33, of the type being preset in 

orientation, is also within the body 31, or may be 

connectable in a predetermined manner to the body 31 in a 

receptacle defined in the body and adapted to receive the 

MEMS unit 33 is a precise and predictable manner. When the 

body 31 is manufactured, the connection configuration of the 

MEMS unit 33 therein is also planned such that in 

orientation of the MEMS unit 33 is known relative to a 

geometry of the body 31. The body 31 may comprise a tool 

interface 34, which may also be planned, the tool interface 

34 used with tools to perform alterations on the bone. The 

tools may be any appropriate tool conventionally used for 

orthopedic surgery.  

[0042] The PSI 30 is used with a tracking system 40. The 

tracking system 40 may be integrated in the body 31 or 

separate therefrom. The tracking system 40 comprises a 

tracking processor 41 that receives orientation data from 

the MEMS unit 33. Bone orientation data 42 is provided in 

the tracking system 40, and results from planning, for 

instance as set forth in steps 21 to 23 of the method 20 of 

Fig. 1. Bone orientation data 42 comprises a frame of 

reference for the bone (e.g., axes) in relation to the 

contact surface 32, and in relation to the connection 

configuration between the body 31 and the MEMS unit 33 in 

the PSI 30. Hence, when the MEMS unit 33 is initialized 

(i.e. initially turned on), the tracking processor 41 uses 

the bone orientation data 42 to set the orientation data of 

the bone with respect to the readings provided by the MEMS 

unit 33. The tracking system 40 comprises a user interface 

43 of any suitable type to provide data to the user relative 

to the orientation of the bone as tracked.  

[0043] While the methods and systems described above have 

been described and shown with reference to particular steps
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performed in a particular order, these steps may be 

combined, subdivided or reordered to form an equivalent 

method without departing from the teachings of the present 

disclosure. Accordingly, the order and grouping of the 

steps is not a limitation of the present disclosure. The 

methods and systems described above may be used for any 

appropriate type of orthopaedic surgery (knee, shoulder, 

hip, resurfacing, replacement, revision), with any suitable 

type of bone, such as the tibia, femur, humerus, pelvis, 

etc.
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The claims defining the invention are as follows: 

1. An assembly of a patient specific instrument and 

tracking system comprising: 

a patient specific instrument having a body with a 

patient specific contact surface negatively shaped relative 

to a corresponding surface of a bone for complementary 

contact therewith, and an inertial sensor unit programmed 

with a preset virtual orientation, the inertial sensor unit 

being received in a receptacle on the body to be fixedly 

connected to the body in a planned connection configuration, 

such that a geometrical relation between the contact surface 

and the inertial sensor unit is known when the body and the 

inertial sensor unit are fixed to the bone; and 

a tracking system having a tracking processor 

connected to the inertial sensor unit, a user interface, and 

bone orientation data related to the patient specific 

contact surface, the tracking processor producing 

orientation tracking data for the bone using the geometrical 

relation and the bone orientation data when the preset 

virtual orientation of the inertial sensor unit is 

initialized, to output the orientation tracking data on the 

user interface.  

2. The assembly according to claim 1, wherein the 

patient specific instrument comprises a tool interface in 

the body, with a geometrical relation between the tool 

interface and the inertial sensor unit being known.  

3. The assembly according to claim 2, wherein the 

tool interface is one of a cut guide and a drill guide.  

4. The assembly according to any one of claims 1 to 

3, wherein the bone orientation data is a file comprising at 

least one axis of the bone.  

5. The assembly according to any one of claims 1 to 

4, wherein the body comprises a receptacle for releasably
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receiving the inertial sensor in the connection 

configuration.
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