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Example - Functional Knee

When defining the functional knee joint, the calculation defines the axis of rotation, but not the
location on the axis.

Two additional landmarks (RKneMed & LKneMed) must be created off the position of the mediolateral
knee targets.

Sample files for this tutorial may be downloaded.

1) This tutorial will use the Static.c3d and Functional Knee.c3d files.
2) The Functional Hip.c3d file is used for the Functional Hip Tutorial.
3) Functionaljoints_Hip_Knee.cmo contains a static trial with both the functional hip and knee defined.

The calculation of functional joints is described here.

Load Static Trial

1. From the
Model
menu,
select
Create »
Hybrid
Model

:irlzm C3D | Fie Edt View [IBBEH Force Settings CMOLibrary Pipeline Help

2. A dla|Og ] or Create (Add Static Calibration File) b Hybrid Model from C3DFile

titled
Select the © Workspace ]‘_{, Compute Model Based Data Legacy Models b
calibration— Convert Model to Hybrid Model |
file for the
new
model will
appear,;
Select
Static.c3d
Click Open.

Close Model Hybrid Model frem Real Tirme Streaming

Create Functional jJoint

' workspace | 4" Signals andEvents 7 Models l[||]|] Reports | & Call

Seaments | Landmarks Muscles | Subject Data / Metrics |

Landmarks Functional ] Digitizing |

1. On the Landmarks tab: Functional Joint Name
1. Select the Functional tab | B o

DoubleClick Functional Joirt to YView./Edit
Functional Joint |
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Create Right Functional Joint

= 'W'l:urkspace] pi4° Signals and Events £ Models ] mall Fiepl:lrtsl ] Call

1. On the Landmarks tab:

1. Select the Functional tab

2. From the Functional Joint Name
box, select F RKNEE.

3. Click Create.

Segments | Landmarks

Muscles | Subject Data 7 Metrcs |

Landmarks Functional ] Digtizing |

Functional Joint Name

F _RKNEE

=

Create

DoubleClick Functional Joirt to View/Edit

Functional Joirt |

2. Select tracking targets for the
F_RKNEE:

Tracking Segment/Targets

Select Use Tracking Targets (ctrl-click
to multi select)

RTHI1, RTHI2, RTHI3, RTHI4

Other Segment/Targets:

Select Use Other Targets (ctrl-click to
multi select)

RTIB1, RTIB2, RTIB3, RTIB4 Click on
Close Tab before proceeding.

= Wurkspace] pi4" Signals and Events £ Models ] Mall Hepurtsl ] Call

Segments | [andmars

Muscles | Subject Data 7 Metrics |

Landmarks ] Functional ] Digitizing F_RKNEE l

Functional Joint Algorithm |GILE'I_I'E

(™ |se Tracking Targets From Segment

v Compute fds instead of Point (2nd Landmark Distance {m)|0. 100000

=]

(+ {Jze Tracking Targets!

(" |se Cther Segmernt

CJRLATANK ~ [JRMEP [ RTHI1 CIRTIET
[CJRLATKNE  [RFPP [# RTHIZ [CIRTIE2
[CIRMEDANK  [JRPSI [¥] RTHIZ [CIRTIE3
[IRMEDKNE  [JRSHO ¥ RTHI4 ORTIB4
£ 3

(* |Jse Cther Targets

Close Tab

[ RTIET O RTOE] CIRUPA O RWRA

[# RTIE2 CIRTOE2 [CJRUPB CJRWRE

[ RTIE2 [JRTOE3 [JRUFC OTio

[#] RTIB4 [CJRTOETIP [JRUFD

£ 3

Event Sequence Instance |0

Build Model

Defined Events

Exclude sequences

.

Algorithm Parameters
Minimum Movement Angle

Approimate Mumber of Combinations Used

2.000000
100000

Create Left Functional Joint
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- 'W'u:urkspau:e] 4" Signals and Events £ Models l Nal Hepu:urts] ] Call

1. On the Landmarks tab:

1. Select the Functional tab

2. From the Functional Joint Name
box, select F_LKNEE.

3. Click Create.

Segments | Landmarks Muscles | Subject Data 7 Metrics |

Landmarks Functional ] Digitizing |

Functional Joirt Name

F LENEE

ﬂ Create
Double-Click Functional Joint to View/Edit

Functional Joirt |
F_RKMNEE

2. Select tracking targets for the
F_LKNEE:

Tracking Segment/Targets

Select Use Tracking Targets (ctrl-click
to multi select)

LTHI1, LTHI2, LTHI3, LTHI4

Other Segment/Targets:

Select Use Other Targets (ctrl-click to
multi select)

LTIB1, LTIB2, LTIB3, LTIB4

Click on Close Tab before proceeding.

- Wnrkspace] 4" Signals and Events 5 Models l|]|]|] Hepurts] i1 Call

Segments | [andmarks Muscles | Subject Data /7 Metrcs |

Landmarks] Fun-:tional] Digitizing F_LKMNEE l

Functional Joint Algorithm |GILE'I_I'E j
v Compute f«ds instead of Point (2nd Landmark Distance {m)|0. 100000
" Use Tracking Targets From Segment % |se Tracking Targets
[C]LMEDKNE [JLsHO LTHI4 CILTIe4
[ LMEP [#] LTHI1 COLTIB1 CILToE]
OLpp LTHIZ OLTieZ OLToE2
Lpsi LTHI3 CJLTiE3 O LToE3
£ 2
" Use Other Segment % |se Other Targets
[C] LMEDKNE ] LsHO CJLTHI4 LTIB4
[ LMEP [CILTHN [CILTOE]
OLpp OLTHI2 OLtoE2
CILpsl CLTHI3 O LTOE3
< 2

Close Tab Build Model |

Event Sequence Instance |0
Defined Events i‘
_<< |
BExclude sequences
=
Algorthm Parameters
Minimum Movement Angle 2. 000000
Approximate Mumber of Combinations Used 100000

Model Builder Advanced Post Processing
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1. Select the Post Processing button from the menu (image below)

File Edit View Model Force Seftings CMO Library Pipeline Help

D = (%]

Wakspace | ' Signal and Everts % Models | ] Feports | ] CalTester| () ReaTime | 4 184 ]

ﬁ‘ Gy [Op 0§ © ~ “[M“;
e | oy @ | 1 Lo/ |wow/' (T

[ Mode! Builder Advanced Post Processr o 1
Digttize Landmarks ~Functional Joints l

Select Functional Joints Mation File for Viewing and Computations

. T 3

Add Mation File From Disk | Add Motion File From Workspace |

Remove Motion File Assignment | Remove Mation File From Workspace |

Functional Joirts

Set START Event to Curert Frame | Set END Evert to Current Frame: |

Unassign Selected Functional Joirts ‘

2. Select the Functional Joints tab from the dialog box (image on right)

Functional Joirt

F_RKNEE
F_LKNEE

Start Frame | End Frame

Unassigned Unassigned
Unassigned Unassigned

Compute SELECTED Landmarks Compute ALL Landmarks

3. Open
functional
movement
file:

1. Select
the Add

5 workspace | [ Signals and Events Madels ] 28 Repors | B Simuiation

Segmerts || Landmarks Muscles | Subjsct Data / Mstics

Landmarks Functional l Digitizing 1

Functional Joint Name

Motion |F_LKNEE ~| Create
1 Double-Click Functional Joirt to View/Edj
Flle From Fl.u'n:mnaldmnt‘:1 = :
Disk F_RKNEE
F_LKNEE
2. Browse
to
functional
movement
file, select
Functional
Knee.c3d

3. Click
Open

4. Select
the motion
file by
clicking on
the trial,
this will
highlight
the trial in
blue.

Delee Selected Jort_ | Edit Functional Joints

Load Functional Joints From File
Save Functional Joints To File

Build Mode!

P

[ Model Builder Advanced Post Processin

Digitize Landmarks ~ Functional Joints

Select Functional Joints Motion File for Viewing and Computations

T »

Add Motion Fie From Disk | Add Mation Fil From Workspace |

Remove Mation File Assignmert | Remove Mation File From Workspace ‘

Functional Joints

Set START Event to Curent Frame |

Set END Event to Currert Frame. |

Unassign Selected Functional Joints

Functional Joint
F_RKNEE
F_LKNEE

Start Frame: | End Frame

Unassigned  Unassigned
Unassigned  Unassigned

Compute SELECTED Landmarks Compute ALL Landmarks

NOTE: Once the trial has been selected, the name of the tria
file will appear in 3D viewer.

Define F_ RKNEE Start and End of motion

| will be highlighted and the movement
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1. Select the START frame of the right functional movement

1. Select F_RKNEE, this will highlight the joint in blue

2. Using the slider (seen below), select the START frame of the right functional movement. Set the
Start Frame to 241

l‘_ . " ' : ﬁ’ |13s7
T [ . LT TR B T O | 2T & Draw Every Frame (" Capl

3. Click Set START Event to Current Frame

Digtize Landmarks ~Functional Joints
r— Select Functional Joints Motion File for Viewing and Computations

Functional Knee c3d

4| T | ¥

Add Motion Fie From Disk | Add Motion Fie From Workspace |

Remove Mation File Assignment | Remove Motion File From Workspace |

i~ Functional Joirts
Set START Evert to Curent Frame | Set END Event to Curert Frame |

Unassign Selected Functional Joints |

Functional Joirt ‘ Start Frame | End Frame ‘

KMEE Unassigned  Unassigned

F_LKNEE Unassigned  Unassigned

Compute SELECTED Landmarks I Compute ALL Landmarks

2. Select the END frame of the right functional movement

1. Select F_RKNEE, this will highlight the joint in blue

2. Using the slider (seen below), select the END frame of the right functional movement. Set the End
Frame to 631

l‘_ . 0 ' e [1387
Lo oo o u g 1« | a1 | = | = | m1 |[B31 5255 & DrawEveyFame " Capl

3. Click Set END Event to Current Frame

Digtize Landmarks Functional Joints
— Select Functional Joints Mation File for Viewing and Computations

Functional Knee.c3d

O I ] 3

Add Motion File From Disk | Add Motion File From Workspace |

Remaove Motion File Assignment | Remave Mation File From Workspace |

r Functional Joints
Set START Event to Curent Frame | Set END Evert to Curent Frame |

Unassign Selected Functional Joints |

Functional Joint | Start Frame | End Frame |
KNEE 241 Unassigned
F_LKNEE Unassigned  Unassigned

Compute SELECTED Landmarks I Compute ALL Landmarks

Define F_LKNEE Start and End of motion
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Digtize Landmarks  Functional Jaints

—5Select Functional Joints Motion File for Viewing and Computations
Functional Knee.c3d

1 1] | 3

Add Motion File From Disk | Add Motion Fie From Workspace |

Remove Motion File Assignment | Remove Motion File From Workspace |

1. Select the START frame of

the left functional movement — Functional Joirts

1. Select F_LKNEE, this will Set START Event to Curent Frame | Set END Event to Curent Frame |
highlight the joint in blue

2. Using the slider, select the Unassign Selected Functional Joints |
START frame of the left

functional movement. Set the Functional Jaoirt | Start Frame | End Frame |

Start Frame to 733 F_RKNEE 241 631

3. Click Set START Event to F_LKNEE Unassigned Unassigned
Current Frame

Compute SELECTED Landmarks I Compute ALL Landmarks
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2. Select the END frame of the
left functional movement

1. Select F_LKNEE, this will
highlight the joint in blue

2. Using the slider, select the
END frame of the left functional
movement. Set the End Frame to
1149

3. Click Set END Event to
Current Frame

cdel Builder Advanc

Digitize Landmarks Functional Joints
— Select Functional Joirts Motion File for Viewing and Computations
Functional Knee.c3d

' m | b

Add Motion Fle: From Disk | Add Mokion Fle From Workspace |

Remowve Motion File Assignment | Remowve Motion File From Workspace |

— Functional Joints

Set START Event to Curert Frame | Set END Event to Curert Frame |

Unassign Selected Functional Joints |

Functional Jaint | Start Frame | End Frame |

F_RKNEE 241 631
F_LKNEE 733 lUnassigned

| Compute SELECTED Landmarks | Compute ALL Landmarks

Compute Landmarks
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1. Select
Compute
ALL
Landmarks
2. Close the
Model
Builder
Advanced
Post Landmarks ~Functional ]Dignizing]

Processing Functional Joint Name

dialog box [F_LKNEE =] Create

3- Four Double-Click Functional Joint to View./Edit

landmarks Functional Joirt [

(F_RKNEE, | [-TEE

F_RKNEE_X,
F_LKNEE
and
F_LKNEE_X)
should
appear in
purple in the
3D viewer

If the
landmarks
do NOT
:I,':epgaDr n Save Functional Joints To File | @
viewer,
check:

- That the
landmarks
are turned
on (3D View
Options)

- Check that
all steps in
this tutorial
were
completed

% Workspace] I\-_l’ Signals and Events fIl todels l el Heports] E Simulation

Segments || Landmarks Muscles | Subject Data / Metrics |

Delete Selected Joint | Edit Functional Joints

Load Functional Joints From File |

Compute Right Mediolateral Borders of the Knee Joint
Center

The RKnelLat and RKneMed landmarks created below will be used to define the mediolateral borders
of the knee joint.

These landmarks will project the mediolateral targets (RLATKNE,RMEDKNE) onto the axis of rotation
created by the functional joint (F_RKNEE,F_RKNEE_X).
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- 'W'u:urkspau:e] 4" Signals and Events £ Models l Nal Hepu:urts] ] Call
Segments | Landmarks Muscles | Subject DUata 7 Metrics |

Landmarks ] Functional ] Diigitizing l

Landmark Mame: |HKneLat

Define Orentation Using:

Starting Point |F_HI{NEE j {Reference)
1. Create Lateral Border of the f¢ Targets and/or Landmark: Landmark Is:
Right Knee Joint Center (RKnelLat): Ending Point  |F_RKNEE _~| (Onaline)
Click Add New Landmark button ‘Ot Er |HLATKNE j —
Create Landmark: RKnelLat * Cpirad a line or plane)
Landmark Name: RKnelLat A

Existing 5 nt |LAB
Define Orientation Using: g Segmert | 2]
Starting Point: F RKNEE Landmark Cffset from Start Point (Reference) or Seamert Crigin
Ending Point: F_RKNEE X ¢~ Offset to Existing Calibration | B

Project From: RLATKNE Target or Landmark
Do NOT Check: Offset by Percent (1.0 (¥ Offset Using the Following ML/AP/AXIAL Offsets

= 100%) me |
Calibration Only Landmark

AP |

AXIAL |

[ Cffset by Percert (1.0 = 100%) (Meters when not checked)

[ Calibration Only Landmark (Mot generated for assigned motion file(s))
IUndo Changes Apphy Build Model | Close Tab |

= Wnrkspacel iy Signals and Events £ Models l|]|]|:| Hepnrls] ] Call
Segments | Landmarks Muscles | Subject Data / Metrics |

Landmarks ] Functional ] Digttizing l

Landmark Mame: |HKneMed
Define Orentation Using:

Starting Point |F_F~:|{NEE j (Reference)

) . . {* Targets and/or Landmari: ek b
2. Create Medial Border of the Right Knee Joint Ending Pornt [F_RKNEE <] ©naline)
Center (RKneMed): . _
Click Landmarks button Lateral object | =] (Onapiane)
Add New Landmark button *Project From |RMEDKNE | (Projection onito
Create Landmark: = Optional line or planc)
Landmark Name: RKneMed (" Bxsting Segment |LAB =l
g:aﬁr:;;)gce)r:ta:t;-’ogKll‘:lsElgg: Lagdﬁmark Of'fsfet.from Stan .F‘oirrt (Reference) or Seament Origin

A . — ¢~ Offset to Existing Calibration | J

Ending Point: F RKNEE X Target or Landmark
Project From: RMEDKNE (% Offset Using the Following ML/AP/AXIAL Offsets

Do NOT Check: Offset by Percent (1.0 = 100%)

Do NOT Check: Calibration Only Landmark - |

AP |

AXIAL |

[ Offset by Percent (1.0 = 100%) (Meters when not checked)

[ Calibration Only Landmark (Mot generated for assigned mation file(s))

Undo Changes Apply Build Model Close Tab
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Compute Left Mediolateral Borders of the Knee Joint Center

The LKneLat and LKneMed landmarks created below will be used to define the mediolateral borders of

the knee joint.

These landmarks will project the mediolateral targets (LLATKNE,LMEDKNE) onto the axis of rotation
created by the functional joint (F_LKNEE,F_LKNEE_X).

1. Create Lateral Border of the Left
Knee Joint Center (LKnelLat):

Click Landmarks button

Click Add New Landmark button
Create Landmark: LKneLat

Landmark Name: LKnelLat

Define Orientation Using:

Starting Point: F_LKNEE

Ending Point: F_LKNEE X

Project From: LLATKNE

Do NOT Check: Offset by Percent (1.0 =
100%)

Do NOT Check: Calibration Only
Landmark

% Wnrkspace] I\-_}"‘ Signalz and Events l = Hepurts] H Sil
Segments | Landmarcs  Muscles | Subject Data / Metrics | =
Landmarks ] Functional ] Digitizing l
Landmark Mame: |LKneLat
Define Crentation Using:
Starting Point |F_LKNEE ﬂ {Reference)
{* Targets and/or Landmarlc: bk
Ending Point  |F_LKNEE_X +| Onaline)

*Lateral object | j {On a plane)
“Project From |LL-'1‘-.TKNE w | (Projection onto
* = Optional a line ar plane)

=l

Landmarlk Offset from Start Point (Reference) or Segment Crigin
¢~ Offset to Existing Calibration |
Target or Landmark

(¥ Offset Using the Following MLAAP/AXIAL Offsets
ML |

(" Existing Segment ||—""-E

B2

AP |

AXIAL |

[ Cffset by Percent (1.0 = 100%) {Meters when not checked)

| Calibration Only Landmark (Mot generated for assigned motion file(s))

Undo Changes Build Model Close Tab
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2. Create Medial Border of the Left
Knee Joint Center (LKneMed):

Click Landmarks button

Click Add New Landmark button
Create Landmark: LKneMed
Landmark Name: LKneMed

Define Orientation Using:

Starting Point: F_LKNEE

Ending Point: F_LKNEE X

Project From: LMEDKNE

Do NOT Check: Offset by Percent (1.0

- Wnrkspace] " Signals and Events £ Models l Noll Hepnrts] | Call
Segments | Landmarks Muscles | Subject Data 7 Metrics |

Landmarks ] Functional ] Diigitizing l

Landmark Mame: |LKne Med

Define Orentation Lsing:

Starting Point |F_LI{NEE j {Reference)

f* Targets and/or Landmark: R
Ending Paint  |F_| KNEE_X | (Onaline)
*Lateral object | j {On a plane)
“Project From  [RMEDKNE _+| (Projection onto
* = Optional a line or plane)

" Edsting Segment ||-'-"-E= J

Landmark Offset from Start Poirt (Reference) or Segment Origin

Cffset to Existing Calibration
~
Target or Landmark | J

(' (Offset Using the Following ML/AP/AXIAL Cffsets

=100%)
Do NOT Check: Calibration Only e |
Landmark ap |

AXIAL |

[ Cffset by Percent (1.0 = 100%) (Meters when not checked)

[ Calibration Only Landmark (Mot generated for assigned motion file(s))
IUndo Changes | Apphy Build Model Close Tab
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