2026/09/15 05:00 1/11 Example - Functional Knee

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
from C3D
file.

File Edit Wiew Model Force Settings CMO Library Pipeline Help

2. A dialog I Create (Add Static Calibration File) > Hybrid Model from C3DFile -
titled i
Select the

A . ' Workzpace l‘-/’ Compute Model Based Data Legacy Maodels >
calibration| '
ﬁle for the Convert Model t0 Hubrid BModel | :
hew
model will
appear;

Close Model Hybrid Model from Real Time Streaming |

Select
Static.c3d
Click Open.

Create Functional Joint
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=] 'W'l:urkspacel Signals and Events Models | noll Fie;u:lrtSI &) Call

Segments || Landmarks Muscles | Subject Data / Metrics

Landmarks Functional I Digitizing |
1. On the Landmarks tab:

Functional Jairnt Name

1. Select the Functional tab|| | =l Create |

Double-Click Functional Jaoint to View/Edit
Functional Jaoint |

Create Right Functional Joint

= Wnrkspacel Signals and Everts | Models I mall Hepurtsl ] Cal

1. On the Landmarks tab:

Landmarks Functional | Digitizing |

1. Select the Functional tab
Functional Joirt Name
2. From the Functional Joint Name

- Cre
box, select F_ RKNEE. S —— =] e

DoubleClick Functional Joirt to View/Edit
3. CIle Createl Fundiunal -\.Iﬂ"'Tt I

= Wokspace | 4 Signals and Events 7 Models | inll Reports | &1 Call
Seaments || [andmarks Muscles | Subject Uata / Metrics |

Landmarks | Functional | Digiizing F_RKNEE |

Functional Joint Algorithm ~ [GILETTE |
¥ Compute fuis instead of Point {2nd Landmark Distance {rn]lﬂ.H]'I]'DDD

™ Use Tracking Targets From Segment o
CIRLATANK  [CIRMEP ¥ RTHIT CIRTIE
CIRLATKNE  [IRPP RTHIZ CIRTIEZ
CIRMEDANK  CIRPSI RTHI3 CIRTIES
RMEDKNE RSHO V] RTHI4 RTIB4
Tracking Segment/Targets = = M =
Select Use Tracking Targets < 3
(ctrl-click to multi select) P &
. RTHIL, RTHI2, RTHI3, RTHI4 st et s
2. Se|eth tra;kmg RTIBT C]RTOET CIRUPA CIRWRA
:a;g;F::E?r the Click on Close Tab RTIB2 [IRTOE2 C1RUPB C1RWRB
- : Other Segment/Targets:  |before proceeding. iz LIRTOE3 LIRUPC oo
[l RTIB4 CIRTOETIP CIRUPD

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

£
RTIB1, RTIB2, RTIB3, RTIB4
Close Tab | Build Mode! |
Evert Sequence Instance ID

Defined Events il
_I Exclude sequences
= |
=< |

Algorithm Parameters

Minimum Movement Angle IZ.ﬂ'DDDDD
I1

")

Approximate Number of Combinations Used 00000
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Create Left Functional Joint

1. On the Landmarks tab:
1. Select the Functional tab

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

3. Click Create.

“ Workspace | 4" Signals and Events  © Modsls l nill Reports | &) Calf

Segments | Landmarks

Muscles | Subject Data 7~ Metrics |

Landmarks Functional ] Digitizing |

Functional Joint Name

F LENEE

=]

Create

DoubleClick Functional Joirt to View/Edit

Functional Joirt |

F_RKNEE

Targets (ctri-click

to multi select)
LTIB1, LTIBZ2,

LTIB3, LTIB4

— Wnrkspace] ;._51' Signals and Events -}

Models | 1] Reports | ] Call

Segmerts | [andmarls

Muscles | Subject Data 7 Metrcs |

Landmarks ] Funu:tiunal] Digtizing F_LKNEE l

Functional Joint Algorithm |GILE'I_I'E

[v Compute Axis instead of Poirt (2nd Landmark Distance {m)|0.100000

=]

(" Use Tracking Targets From Segmernt * |se Tracking Targets
Tracking ] LMEDKNE [ LsHo LTHI4 CLTiB4
Segment/Targets CJLmep LTHI1 OLTes OLToE!
Select Use CJvLpp LTHIZ OvLmnez OLToE2
Tracking Targets CJvwpsi LTHI3 CLme3 OLToE3
(ctrl-click to multi . :
select)
2. Select LTHI1, LTHIZ2, " Use Other Segment {* |lse Cther Targets
tracking (THG.LTHIA  |ejceon | [OWESWE Ot O GEET
Close Tab [ LmEeP CILTHI I LTOET
for the before CILPF CILTHI2 CILToE2
F_LKNEE: Other proceeding OJvpsi CLTHIZ CJLToE3
Segment/Targets: '
Select Use Other % :

Close Tab

Evert Sequence Instance |0

Build Model

Defined Events

i

Bxclude sequences

g

Algorithm Parameters
Minimum Movement Angle

Approcdmate Mumber of Combinations Used

2.000000

|'IE'DDI}D

Model Builder Advanced Post Processing
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] E
Digitize Landmarks ~Functional Joints ]
Select Functional Joints Motion File for Viewing and Computations
Fl 1 3
Add Motion File From Disk ‘ Add Motion File From Workspace |
Remove Motion File Assignment ‘ Remove Motion File From Workspace |
1. Select the Post Processing button from the menu (image below) Functional Jairts
Set START Event to Current Frame ‘ Set END Event to Cument Frame |

File Edit View Model Force Settings CMO Library Pipeline Help

Unassign Selected Functional Joints |

& O [0 OR O
reser @ i

Wetkspace | 4 Signals snd Everts 1 Models | ] Reponts| &:] CalTester] () ReahTime | 5 4] )
Functional Joirt Start Frame | End Frame
2. Select the Functional Joints tab from the dialog box (image on right) F_RKNEE Unassigned  Unassigned
F_LKMNEE Unassigned  Unassigned
Compute SELECTED Landmarks Compute ALL Landmarks

3. Open
functional
movement
file:

1. Select B workspace | [ Signals and Events Models | 28 Reporis| R Simulation

Segments H Landmarks  Muscles ‘ Subject Data / Metrics |

the Add
Motion e i . [ Model Builder Advanced Post Processin
F i Ie F rom ki Digitize Landmarks ~Functional Joints

[F_LKNEE ~| Create
Disk e Select Functional Joints Motion Fie for Viewing and Computations

Double-Click Functional Joirt to View/Edit

Functional Joint

F_RKNEE "
2. Browse | |l : g
to . Acd Motion File From Disk. | Add Motion il From Workspace |
fu ncti Ona | » Remove Motion File Assignment | Remove Motion File From Workspace ‘
movement ’ L . Functional Joirts

Set START Event to Cumertt Frame | Set END Event to Cument Frame ‘

file, select
Functiona/ N Unassign Selected Functional Joints

Knee, C3d Functional Joirt Start Frame | End Frame
F_RKNEE Unassigned  Unassigned
F_LKMEE Unassigned  Unassigned

3 . Clic k Delete Selected Joint | Edit Functional Joints

open Load Functional Joints From File
Save Functional Joints To File Build Model

4. Select G goenn
the motion
ﬁle by al Compute SELECTED Landmarks Compute ALL Landmarks
clicking on
the trial,
this will
highlight
the trial in
blue.

NOTE: Once the trial has been selected, the name of the trial will be highlighted and the movement
file will appear in 3D viewer.
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Define F_RKNEE Start and End of motion

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

Functional Knee.c3d

4 I | 3

1. Select the START frame of the right functional movement Add Motion File From Disk | Add Mation File From Workspace |
Remove Motion File Assignment | Remove Motion File From Workspace |

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

r Functional Joints

2. Using the slider (seen below), select the START frame of the right functional movement. Set the e —— | - ——— |

Start Frame to 241

Unassign Selected Functional Joints |

! e N
Lo g0 00y 1w | - | - | e | e {241 2 D e e TameR L Cap) Functional Joirt | Stat Frame | End Frame |
KNEE Unassigned  Unassigned
F_LKNEE Unassigned Unassigned
3. Click Set START Event to Current Frame
Compute SELECTED Landmarks I Compute ALL Landmarks

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

Functional Knee c3d

| i ] 9

2. Select the END frame of the right functional movement Add Motion File From Disk | Add Motion File From Workspace |
Remaove Motion File Assignment | Remave Mation File From Workspace |

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

 Functional Joints

2. Using the slider (seen below), select the END frame of the right functional movement. Set the End e —— | e e —w— |

Frame to 631

Unassign Selected Functional Joints |

! y : =  EC
Lo p0 0 1 g, 1= | a | = | e | et [[631  528s & DrawEveyFrame O Capl Functional Joirt | Start Frame | End Frame |
| KNEE 241 Unassigned

Unassigned  Unassigned

3. Click Set END Event to Current Frame

Compute SELECTED Landmarks I Compute ALL Landmarks

Define F_LKNEE Start and End of motion
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1. Select the START frame of
the left functional movement

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

2. Using the slider, select the
START frame of the left
functional movement. Set the
Start Frame to 733

3. Click Set START Event to
Current Frame

Digitize Landmarks ~Functional Joints
— Select Functional Joints Mation File for Viewing and Computations

Functional Knee.c3d

1 | ] | 3

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

Remove Motion File Assignment | Remove Motion File From Worspace |

— Functional Joints
Set START Event to Cuent Frome | Set END Eventto Curent Frame |

IUnassign Selected Functional Joints |

Functional Joint | Start Frame | End Frame |

F_RKMNEE 241 631
F_LKMEE Unassigned Unassigned

Compute SELECTED Landmarks I Compute ALL Landmarks
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cdel Builder Advanc

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

Digitize Landmarks Functional Joints

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

' m | b

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

Remove Motion File Assignment | Remowve Motion File From Workspace |

— Functional Jaoints

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

Unassign Selected Functional Joints |

Functional Jaint | Start Frame | End Frame |

F_RKMNEE 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
Processing
dialog box
3. Four
landmarks
(F_RKNEE,
F_RKNEE_X,
F_LKNEE
and
F_LKNEE_X)
should
appear in
purple in the
3D viewer

If the
landmarks
do NOT
appear in
the 3D
viewer,
check:

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

- Check that
all steps in
this tutorial
were
completed

% WUTkSDaCEI = Signals and Events

fIl Models l = Heports] FA Simulation

Segments || Landmarks Muscles | Subject Data / Metrics |

Landmarks  Functional ]Dignizing |

Functional Joirt Name

|F_LKNEE | Create

Double-Click Functional Joint to View./Edit

Functional Joint |

F_RKNEE
F_LKNEE

Delete Selected Joint | Edit Functional Joints

Load Functional Joints From File |

Save Functional Joirts To File | Build Model

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 |
1. Create Landmarks] Funu:tinnal] Diigitizing l
Lateral
Border of Landmark Mame: |HKneLat
- Landmark
the Right Name: Define Orientation Using:
Knee Joint RKnelat Starting Point |F_HKNEE j {Reference)
CReEte[ ¢ o (* Targets and/or Landmarl: it e
n . : j ’
(RKneLat) Do NOT Ending Point |F_RKNEE _~| (Onaline)
Define Check: *Lateral object | j {On a plane)
. Orl'entatlon Offset by “Project From |HLATI{NE ﬂ (Projection anto
Click USST grt I(’lerocen t * = Optional a line or plane)
arting .0 = e
Landmarks \ " Bdsting Segment |LAE
Point: 100%) | E
button _ =
F RKNEE Landmark Cffset from Start Point (Reference) or Seamert Crigin
Ending o ¢~ Offset to Existing Calibration | J
¢ . Point: Do NOT Target or Landmark
Click Add |- "o onveE X [Check: (+ Offset Using the Following ML/AP/AXIAL Offsets
New - - Calibration ML |
Landmark
button Only
Project |Landmark L
From:
o AXIAL
RLATKNE |
Create
Landmark: [ Cffset by Percert (1.0 = 100%) (Meters when not checked)
RKneLat
[ Calibration Only Landmark (Mot generated for assigned motion file(s))
IUndo Changes Apphy Build Model Close Tab
- Workspace] 5" Signals and Events & Models ] foll Heports] & Call
| Segments | Landmarks Mﬁcles| Subject Data Metnu:5|
Landmarks] Functional ] Digitizing l
Landmark Name: |F~!Kne|'\"|ed
Define Orientation Using:
Starting Point  [F_RKNEE _~| (Reference)
. Landmark
2. Create Medial Border of |\ 0. ¢ neved { - aret= il Aximaic Landmark Is-
the Right Knee Joint Ending Poirt [F_RKNEE =] Gaatm)
Center (RKneMed): =
. . “Lateral object | j {©On a plane)
Define Do NOT Check: “Project From | RMEDKNE "~ (Profection orto
’ S:i?\;t-atlon Offset by Percent (1.0 * = Optional alinc or piane)
i . - " Exsti LAE
Click Landmarks button Starting Point: |~ 100%) Existing Segment | =l
. F_RKNEE . Landmark Cffset from Start Poirt (Reference) or Segment Crigin
i int: Offset to Exdsting Calibrati
Click Add New Landmark |- grlzglg\Eg;omt. Do NOT Check: 8ol e P | -]
button - - Calibration Only & Offset Using the Following ML/AP/AXIAL Offsets
Landmark . |
) . Project From:
Create Landmark: RKneMed RMEDKNE AP |
AXIAL |
[ Offset by Percent (1.0 = 100%) (Meters when not checked)
[ Calibration Only Landmark (Mot generated for assigned motion 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
(LKnelat):

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

5 Hepurts] A si

Segments | Llandmarks Muscles | Subject Data / Metrics |

Landmarks ] Functional ] Digttizing l

Landmark Mame: |LKneLat
Define Orentation Using:

Starting Point |F_LKNEE j {Reference)
{* Targets and/or Landmark: bkl
Ending Point  |F_ L KNEE_X ~| (Onaline)

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

=l

(" Existing Segment ||—""-E

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

(¥ (ffset Using the Following ML/AP/AXIAL Offsets

=

ML |

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

:I.ecd';glate Landmarks ] Functional ] Diigitizing l
Border of Landmarl Mame: |LKneME|:I
Landmark
the Left_ Name: Define Orentation Lsing:
Knee Joint LKneMed Starting Poirt |F_LKNEE j {Reference)
(c|.ell(1::rMed) o f* Targets and/or Landmark: R
' Do NOT Ending Point  |F_LKNEE_X | (Onaline)
I?efme . Check: *Lateral object | j {On a plane)
. Orientation |Offset by “Projsct From [RMEDKNE - (Projection orto
Click Usmg: I(Dercent * = Optional a line or plane)
Starting |(1.0 =
™ Exsti LAB
tiag;narks Point: 100%) Existing Seament | ~]
F_LKNEE Landmark Offset from Start Poirt (Reference) or Segment Origin
Ending . ~ Dffset to Bxisting Calibration | B
. Point: Do NOT Target or Landmark
ﬂ:v'; Add F LKNEE X |Check: v Offset Using the Following ML/AP/AXIAL Offsets
Landmark Calibration ML |
button Only
Project Landmark AP |
From:
LMEDKNE AXAL |
Create
Landmark: [ Offset by Percent (1.0 = 100%) (Meters when not checked)
LKneMed
[ Calibration Only Landmark (Mot generated for assigned motion file(s))
IUndo Changes | Apphy Build Model Close Tab
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