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METHOD AND SYSTEM FOR THE VISUAL REPRESENTATION
OF THE KINEMATICS OF A PATIENT’S JOINT
AND ASSOCIATED PARAMETERS
CROSS-REFERENCE TO RELATED APPLICATIONS

5 [0001] This application claims the benefits of U.S. provisional
patent application No. 61/926,736 filed on January 13, 2014, which is
herein incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a method and system for
10 the visual representation of the kinematics of a patient’s joint and

associated parameters.
BACKGROUND

[0003] Assessment of a joint's motion and applied forces, or
kinematics and kinetics respectively, can help diagnose articular injury

15  and guide the treatment of the injury. For that purpose, however, articular
motion and forces need to be measured in a reproducible fashion. Also,
the three-dimensional movement and forces are often split in
components that are relevant to the anatomy and function of each
specific joint to relate the data to the framework used by clinicians. 3D

20 motion and forces are split in components by determining an axis system,
or referential, for the bones articulating together (e.g. the femur and the
tiia for the knee joint), knowing that even a little modification of the
location of an axis system can significantly alter the way kinematics are
decomposed, the so-called crosstalk phenomenon.

25 [0004] Relative motion of the bones forming a joint can also be
analyzed using the instantaneous helical axis method, which represents
motion as a single rotation axis and a translation along that axis for each
studied time interval. This method is not easy to interpret clinically if it is
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not related to the anatomical structures, also it makes it difficult to assess
motion components of smaller amplitude as they are overwhelmed by
other components of larger amplitude (e.g. tibial internal and external
rotation relative to flexion); therefore kinematics are usually split using

5 referentials.

[0005] Once 3D motion is split according to referentials, up to three
values of rotation and three values of translation are obtained for each
time interval that is considered for the kinematic analysis; therefore, if the
relative position of the bones forming the joint is measured at a rate of 60
10 Hz (a common sampling rate of motion tracking systems), 360 numerical
values per second of kinematic recording are obtained. The same

principle applies to force measurements.

[0006] 2D graphs are used to visualize the kinematics data (e.g.
KneeKGTM) and/or kinetics data but require the reader to understand the
15 graphs and combine them mentally to get a sense of how the joint is

moving and forces are applied.

[0007] Therefore, there is a need for a realtime graphic
representation of articular motion and forces and visualization of their
spatial relationship with the anatomical structures for a better

20 understanding of joint kinetics and kinematics.
SUMMARY

[0008] The present disclosure provides a method for visually
representing the kinematics of a patient’s joint in real-time, the method

comprising:
25 receiving characteristics of a measured movement of the joint;

computing at least one kinematic object vector using specific
morphology of the joint structures and the characteristics of the

measured movement of the joint;
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displaying a 3D representation of the joint structures based on the
specific morphology of the joint structures and on the

characteristics of measured movement of the joint;

linking the at least one kinematic object vector with the joint

5 structures; and

dynamically displaying the at least one kinematic object vector

superimposed on the 3D representation of the joint structures.

[0009] The present disclosure also provides a system for visually
representing the kinematics of a patient’s joint in real-time, the method
10  comprising:

an input/output interface configured to receive characteristics of a
measured movement of the joint;

a display;

a processor in communication with the input/output interface and
15 the display, the processor being configured so as to:

compute at least one kinematic object vector using specific
morphology of the joint structures and the characteristics of

the measured movement of the joint;

provide to the display a 3D representation of the joint
20 structures based on the specific morphology of the joint
structures and on the characteristics of measured

movement of the joint;

link the at least one kinematic object vector with the joint

structures; and

25 dynamically provide to the display the at least one kinematic
object vector to be superimposed on the 3D representation

of the joint structures.
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[0010] The present disclosure further provides a method and
system as described above wherein the at least one kinematic object
vector is represented by a visual indicator having a shape, position,
orientation, size and color representative of characteristics of the
5 measured movement of the joint; the characteristics of the measured
movement of the joint being selected from the group consisting of linear
displacement, angular displacement, articular contact points, velocity,

acceleration and rotation center.
BRIEF DESCRIPTION OF THE FIGURES

10 [0011] Embodiments of the disclosure will be described by way of

examples only with reference to the accompanying drawing, in which:

[0012] FIG. 1 is a schematic representation of a joint kinematics
and associated parameters visual representation system in accordance
with an illustrative embodiment of the present disclosure;

15 [0013] FIG.2 is a flow diagram of a joint kinematics and
associated parameters visual representation process in accordance with
an illustrative embodiment of the present disclosure; and

[0014] FIG. 3 is a schematic representation of a static capture of
an example of a virtual environment visualization of joint kinematics and

20 associated parameters for a human right knee.

[0015] Similar references used in different Figures denote similar

components.

DETAILED DESCRIPTION

[0016] Generally stated, the non-limitative illustrative embodiments
25 of the present disclosure provide a method and system for the visual
representation of the kinematics of a patient's joint and associated
parameters, amongst which forces and moments. The kinematics of the

patient’s joint are visually represented in 3D along with indicators
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showing a number of associated parameters such as, for example,
amplitude, orientation, linear and/or angular components, velocity,
acceleration, axes of rotation, rotational and/or translational vectors and
articular contact points, etc., the 3D representation being in spatial

5 relationship in a virtual 3D rendering with representations of the various
structures for which movement is and forces are measured. The visual
representation may also show the uncertainty of the displayed
parameters.

[0017] The 3D representation of each specific bone is displayed in
10 real time in the virtual environment visualization, the position and
orientation of the bones being determined by a calibration procedure and
continually refreshed with the displacements of the positional sensors
affixed to the bones. Joint movement, i.e. the relative movements of the
bones forming the joint, are construed in accordance with reproducibie
15  and clinically relevant anatomical landmarks and displayed in real time in
the virtual environment visualization and thus linking the movements and
forces of the joint with the anatomical structures forming the joint. The
visual representation of the joint movement, or one or more of its
components, is displayed using "kinematic objects", i.e. amplitude,
20 orientation, linear and/or angular components, velocity, acceleration,
axes of rotation, rotational and/or translational vectors and articular
contact points. These kinematic objects are dynamically displayed in the
virtual environment visualization at the same time as the bones as they
move, thus allowing the linking of the kinematics with the anatomical

25  structure of the joint.

[0018] The shape, position, orientation, size and color of the
kinematic objects are determined by the characteristics of the measured
movement: linear displacement, angular displacement, articular contact
points, velocity, acceleration and rotation center. Various display modes
30 are available to analyze the displayed kinematics, for example the
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"kinematic drag" which displays the path of bone and/or kinematics
and/or their intersection for a given time period. Another example of

display mode is the display of the uncertainty.
Kinematic Object Vector Properties

5 e The kinematic object vector is a dynamic curved vector displayed
in the navigation volume in which the kinematic is measured;
e The length of the vector is proportional to the total linear
displacement;
e The bend of the vector is proportional to the angular displacement
10 with its center of rotation on the helical axis of the measured
motion;
e The transverse area of the vector is proportional to the
acceleration and/or velocity;
e The transverse shape of the vector can be changed dynamically
15 according to the measured parameters (area divided between the
parameters),
e The vector is positioned in the plane normal to the helical axis of
the measured movement;
e The vector may represent the overall kinematics of the joint or only
20 one or more of its components;
e The vector is refreshed in real time;
e The vector can be displayed in a kinematic drag mode.
e The vector can be displayed with indicators of uncertainty for its

various values.

25 [0019] Referring to FIG. 1, the joint kinematics and associated
parameters visual representation system 10 includes a processor 12 with
an associated memory 14 having stored therein processor executabie
instructions 16 for configuring the processor 12 to perform various

processes, namely the joint kinematics and associated parameters visual
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representation process, which process will be further described below.
The joint kinematics and associated parameters visual representation
system 10 further includes an input/output (I/O) interface 18 for
communication with a scanning system 20 and a display 30.

5 [0020] The display 30 may be, for example, a standard display
screen, tablet, image overlay on real structures, augmented reality
glasses (e.g. Google™ glasses).

[0021] The joint kinematics and associated parameters visual
representation system 10 obtains, from the scanning system 20, real-time

10  spatial coordinates of positional sensors secured to the bones located on
either side of the joint and executes the joint kinematics and associated
parameters visual representation process using the acquired data and 3D
models of the specific morphology of the bones (cartilage included or not)
constituting the joint whose motion is being measured and analyzed. The

15 resulting 3D representation is then displayed on the display 30 and may
be saved to the memory 14, to other data storage devices or medium 40,
or provided to a further system via the 1/O interface 18.

[0022] The scanning system 20 provides the joint kinematics and
associated parameters visual representation system 10 with joint
20 information, monitored in space and time, for the visual representation
process in order to produce the 3D representation. The scanning system
20 includes motion capture capabilities (optical, electromagnetic,
ultrasonic, etc.) with motion sensors to be positioned on the bones
constituting the joint, as well as a registration procedure of the 3D models
25 (navigated ultrasound and/or navigated palpation and/or joint

mobilization).

[0023] Referring to FIG. 2, there is shown a flow diagram of an

illustrative example of the joint kinematics and associated parameters

visual representation process 100 executed by the processor 12 of
30 FIG. 1. Steps of the process 100 are indicated by blocks 102 to 110.
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[0024] The process 100 starts at block 102 where the processor 12
obtains from the scanning system 20, real-time spatial coordinates of
positional sensors secured to the bones located on either side of the
joint.

5 [0025] Then, at block 104, the processor 12 computes the
kinematic object vectors using the acquired data and 3D models of the
specific morphology of the bones (cartilage included or not) constituting

the joint whose motion is being measured and analyzed.

[0026] At block 106, a 3D representation of the joint structures is
10 displayed on the display based on real-time spatial coordinates from the
positional sensors.

[0027] Following this, at block 108, the kinematic object vectors

are linked with the joint structures displayed at block 106 and, at block

110, the kinematic object vectors are dynamically displayed
15  superimposed on the 3D representation of the joint structures.

[0028] The 3D models can be obtained in various ways: via
computed tomography (CT), magnetic resonance imaging (MRI),
reconstruction from 2D biplane images biplane, ultrasound images, etc.

[0029] The joint kinematics and associated parameters visual
20 representation process 100 executed by the processor 12 determines the
output format of the kinematics by defining the reference system (i.e.
referential or axes system) used to reproducibly decompose the 3D
motion into clinically relevant elements. It is then possible to view the joint
movement as a whole via display 30 but most importantly it is also
25 possible to reproducibly extract clinically relevant components of the
movement in order to study them specifically in relation to various motor

activities and/or joint pathologies.

[0030] The visual representation displays dynamic rotation axes

(i.e. constantly refreshing during movement) and curved or straight
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vectors (i.e. arrows), also dynamic, whose characteristics (length, caliber,
color, curvature, position) depend on the measured movement. The
position and orientation of the vectors are associated with their respective
axis of rotation. For example, in the case where the joint is the knee, the
5 kinematics can be divided into flexion-extension (transverse axis
coinciding with the center of curvature of the posterior femoral condyles)
and internal-external tibial rotation (generally a longitudinal axis passing
through the medial tibial plateau). The purpose of the proposed visual
representation is to visualize in real time the position of the axes of
10 movement and the characteristics of the movement in question

(amplitude, velocity, and acceleration).

[0031] Referring to FIG.3, there is shown a schematic
representation of a static capture of an example of a virtual environment
visualization of joint kinematics and associated parameters for a human
15 right knee 52. In this example, total motion is decomposed in two
components (i.e. kinematic object vectors): a first kinematic object vector
54 visually represents rotation around an anatomy-based medio-lateral
axis representing knee flexion and a second kinematic object vector 56
visually represents the remainder of motion with the helical axis method.
20 Lines 58 represent the axes around which rotation occurs at that specific
moment: the direction of the curved arrows 60 represent the direction of
rotation: the size of the arrows 60 is proportional to angular velocity.
Optionally, numerical values 62 may be displayed to quantify one of more
parameters. It is to be understood that in use the various visual indicators
25 58, 60, 62, are designed to be dynamic and are updated in real-time. It is
further to be understood that various other indicators may be used to

represent associated parameters.

[0032] Although the present disclosure has been described with a
certain degree of particularity and by way of illustrative embodiments and

30 examples thereof, it is to be understood that the present disclosure is not
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limited to the features of the embodiments described and illustrated
herein, but includes all variations and modifications within the scope and

spirit of the disclosure as hereinafter claimed.
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CLAIMS

What is claimed is:

1. A method for visually representing the kinematics of a patient’s

joint in real-time, the method comprising:
5 receiving characteristics of a measured movement of the joint;

computing at least one kinematic object vector using specific
morphology of the joint structures and the characteristics of the
measured movement of the joint;

displaying a 3D representation of the joint structures based on the
10 specific morphology of the joint structures and on the

characteristics of measured movement of the joint;

linking the at least one kinematic object vector with the joint

structures; and

dynamically displaying the at least one kinematic object vector
15 superimposed on the 3D representation of the joint structures.

2. A method in accordance with claim 1, wherein the at least one
kinematic object vector is a visual representation of a parameter selected
from the group consisting of an amplitude, an orientation, a linear
component, an angular component, a velocity, an acceleration, an

20 articular contact points, an axe of rotation a rotational vector and a

translational vector.

3. A method in accordance with either of claims 1 or 2, wherein the
at least one kinematic object vector further indicates an uncertainty
associated with the computing of the kinematic object.

25 4. A method in accordance with any of claims 1 to 3, wherein the
at least one kinematic object vector is dynamically displayed in
accordance with the displacements of positional sensors affixed to joint

structures.
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5. A method in accordance with any of claims 1 to 4, wherein the
at least one kinematic object vector is represented by a visual indicator
having a shape, position, orientation, size and color representative of
characteristics of the measured movement of the joint.

5 6. A method in accordance with claim 5, wherein the
characteristics of the measured movement of the joint are selected from
the group consisting of linear displacement, angular displacement,
articular contact points, velocity, acceleration and rotation center.

7. A method in accordance with any of claims 1 to 6, wherein the
10  specific morphology of the joint structures is based on 3D models of the
specific morphology of the bones constituting the joint.

8. A method in accordance with claim 7, wherein the 3D models
are obtained by a method selected from a group consisting of computed
tomography, magnetic resonance imaging, reconstruction from 2D

15  biplane images biplane and ultrasound images.

9. A system for visually representing the kinematics of a patient's

joint in real-time, comprising:

an input/output interface configured to receive characteristics of a

measured movement of the joint;
20 a display;

a processor in communication with the input/output interface and

the display, the processor being configured so as to:

compute at least one kinematic object vector using specific
morphology of the joint structures and the characteristics of

25 the measured movement of the joint;

provide to the display a 3D representation of the joint
structures based on the specific morphology of the joint
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structures and on the characteristics of measured
movement of the joint;

link the at least one kinematic object vector with the joint
structures; and

5 dynamically provide to the display the at least one kinematic
object vector to be superimposed on the 3D representation
of the joint structures.

10. A system in accordance with claim 9, wherein the at least one

kinematic object vector is a visual representation of a parameter selected

10 from the group consisting of an amplitude, an orientation, a linear
component, an angular component, a velocity, an acceleration, an
articular contact points, an axe of rotation a rotational vector and a

translational vector.

11. A system in accordance with either of claims 9 or 10, wherein
15 the at least one kinematic object vector further indicates an uncertainty
associated with the computing of the kinematic object.

12. A system in accordance with any of claims 9 to 11, wherein the
at least one kinematic object vector is dynamically displayed in
accordance with the displacements of positional sensors affixed to joint

20  structures.

13. A system in accordance with any of claims 9 to 12, wherein the
at least one kinematic object vector is represented by a visual indicator
having a shape, position, orientation, size and color representative of

characteristics of the measured movement of the joint.

25 14. A system in accordance with claim 13, wherein the
characteristics of the measured movement of the joint are selected from
the group consisting of linear displacement, angular displacement,

articular contact points, velocity, acceleration and rotation center.
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15. A system in accordance with any of claims 9 to 14, wherein the
specific morphology of the joint structures is based on 3D models of the
specific morphology of the bones constituting the joint.

16. A system in accordance with claim 15, wherein the 3D models
5 are obtained by a method selected from a group consisting of computed
tomography, magnetic resonance imaging, reconstruction from 2D

biplane images biplane and ultrasound images.

SUBSTITUTE SHEET (RULE 26)



WO 2015/103699 PCT/CA2015/000073
1/3

10
20 12 / 14 16

/ / /
/ ( MEI\LIORY (/

SCANNING JOINT KINEMATICS
SYSTEM | PROCESSOR AND ASSOCIATED
PARAMETERS VISUAL
\ REPRESENTATION
PROCESS

Y

Y

DISPLAY |o_ o] WO
~| INTERFACE
X \
30 /
18
i
DATA
STORAGE | 4
FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2015/103699 PCT/CA2015/000073
2/3

102
|

100 Obtain real-time spatial coordinates of

positional sensors from the scanning system

104
v

Compute the kinematic object vectors

A

106
e

Display 3D representation of
the joint structures

Y

108
/

Link the kinematic object vectors
with the joint structures

110
e

Dynamically display the kinematic object
vectors superimposed on the 3D
representation of the joint structures

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2015/103699 PCT/CA2015/000073
3/3

50

FIG. 3

SUBSTITUTE SHEET (RULE 26)



International application No.

PCT/CA2015/000073

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
IPC: A61B 5/11 (2006.01), A61B 5/055 (2006.01), A61B 6/03 (2006.01), A61B 813 (2006.01),

GO6T 17/00 (2006.01)

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: A61B 5/11, A61B 5/055, A61B 6/03, A61B 8/13, GO6T 17/00 (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
IPC: GO6T 13/40

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Google, espacenet, Orbit (keywords used: kinematics vector real-time dynamic patient 3D display biomechanics joint limb)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X, P Seel et al., "IMU-Based Joint Angle Measurement for Gait Analysis", Sensors 2014, 14(4), 1—16
6891-6909; doi:10.3390/s140406891, ISSN 1424-8220, 16 April 2014 (16-04-2014)
URL http://www.mdpi.com/1424-8220/14/4/6891/htm

X Roetenberg et al., "Xsens MVN: full 6DOF human motion tracking using miniature inertial 1—6,9—14
sensors.", Xsens Motion Technologies BV, Tech. Rep (2009)., version 3 April 2013
(03-04-2013)

URL https://www.xsens.com/images/stories/PDE/MVN_white paper.pdf

X EP 1406215 A1 (Van Sint Jan) 7 April 2004 (07-04-2004) 1—16
<entire document>

W  Further documents are listed in the continuation of Box C. W See patent family annex.
* |Special categories of cited documents: “T” |later document published after the international filing date or priority

“A” |document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

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

“L” |document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” |document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

“0” |document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“P” |document published prior to the international filing date but later than “&” |document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

05 March 2015 (05-03-2015) 16 March 2015 (16-03-2015)

Name and mailing address of the ISA/CA Authorized officer

Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT Valérie Dubé (819) 934-4261
50 Victoria Street

Gatineau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (January 2015) Page 2 of 4




International application No.

INTERNATIONAL SEARCH REPORT P CT / C A2015 /00 0073

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 20090322763 Al (Bang et al.) 31 December 2009 (31-12-2009)
<entire document>

"Mechanics In Exercise: Angle of Pull", ExRx.net, Kinesiology, Mechanics, 2007
URL http://www.exrx.net/Kinesiology/AnglePull. html#anchor1499250

Liu et al., "Ambulatory Measurement and Analysis of the Lower Limb 3D Posture Using
Wearable Sensor System", Proceedings of the 2009 IEEE International Conference on
Mechatronics and Automation, August 9 - 12 2009 (12-08-2009), Changchun, China, pages
3065 - 3069, E-ISBN: 978-1-4244-2693-5, Print ISBN: 978-1-4244-2692-8, DOIL:
10.1109/ICMA.2009.5245982,

URL http://ieeexplore.ieee.org/xpls/abs_all jsp?arnumber=5245982

Fekete, et al. “Computational Human Knee Joint Model for Determining Sliding-rolling
Properties.” BULETINUL STIINTIFIC AL UNIVERSITATII “POLITEHNICA” DIN
TIMISOARA, ROMANIA. SERIA MECANICA. Ed. Michaela Popescu. Vol. 56.
Timisoara, Romania: Editura Politehnica, 2008. pages 305-309. URL
http://www.europeana.eu/portal/record/2020801/dmglib_handler docum_10739009.html

Koehle et al., "A method of calculating physiologically relevant joint reaction forces during
forward dynamic simulations of movement from an existing knee model", Journal of
Biomechanics, Volume 41, Issue 5, pages 1143 - 1146, Published Online: 13 February
2008 (13-02-2008), DOI: http://dx.doi.org/10.1016/j.jbiomech.2007.11.020

URL http://www jbiomech.com/article/S0021-9290(07)00518-0/pdf

1—6, 9—14

1—6, 9—14

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

Page 3 of 4




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT / C A2015 /000073

Patent Document Publication Patent Family Publication

Cited in Search Date Member(s) Date

Report

EP 1406215 Al 7 April 2004 (07-04-2004) none

US 20090322763 Al 31 December 2009 (31-12-2009) JP 2010014712 A 21 January 2010 (21-01-2010)
JP 5657216 B2 21 January 2015 (21-01-2015)
EP 2141632 A2 06 January 2010 (06-01-2010)
EP 2141632 A3 22 January 2014 (22-01-2014)
KR 20100002803 A 07 January 2010 (07-01-2010)

Form PCT/ISA/210 (patent family annex ) (January 2015)

Page 4 of 4




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

