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Plug-In Gait Lower Limb Modified

While every effort has been made to ensure the correct implementation of the Plug-In Gait
model in Visual3D, some differences may still persist, most likely caused by the different
pose estimations used within Nexus and Visual3D.

Introduction

The conventional gait model (CGM) has many variations and can go by many names: Helen Hayes,
Vicon Clinical Manager, Newington, and Cleveland Clinic to name a few. We highly recommend
reading the Tutorial: Building a Conventional Gait Model prior to going through this tutorial.

Workstation or Nexus users will be familiar with the Plug-In Gait variation as Vicon's implementation
of the CGM.

In this tutorial, we describe this implementation of Vicon's Plug-In Gait using Visual3D, with the
necessary modifications made for marker placement error specific to this dataset.

In some trials, clear errors in marker placement can be identified when viewing the model. Here we
make the necessary adaptations to the model to compensate.

Marker Placement Error

The placement of markers during static and dynamic trials can significantly impact the accuracy of
the data that is captured. In this static trial markers were only placed on the lateral sides of each leg,
with some being nearly co-linear and some incorrectly aligned with anatomical features.

The closer markers are to being placed co-linearly the more difficult it is to define all six degrees of
freedom, this can cause error to be amplified leading to an incorrect model.

In this trial, and many others, markers are only placed on the lateral side of each leg. This is done to
avoid markers being knocked off during movement trials, however having markers on the lateral and
medial side (at least for static trials) helps to improve model accuracy.

The placement of the foot markers, especially the heel, in this trial made it challenging to properly
define foot positioning. The Toe_Z landmark was added as a solution to this error.

Modifications Explained

Shank Definition: In this tutorial the RKNE marker was added as the lateral boundary for the right
shank definition. This was added to improve alignment of the shank and correct excessive incorrect
internal rotation of the tibia that was previously present.

Toe Landmark: The R_Toe_Z landmark was introduced to align the anterior axis of the foot with that
of the shank and thigh segments (assuming the subject is standing in alignment). It serves as the
distal joint center and the posterior foot alignment.
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Load Static Trial

You can download the sample files here. These sample files were generously provided by Vicon
(OMG plc, UK).

Load the static trial:

E Untitled - Wisual3D Professional (HAS-Motion)
File Edit View Model Force Settings CMO Library Pipeline Help

] B Hybrid Model from C3DFile
i Close Model FROMTAL SRAGITTF
. Wgrksmatel Compute Model Based Data bl CalTester

| Segments  Landm: Assign Model to Motion Files
i Append Model Template
1. From the Model menu, select Hybrid Model from C3DFile
2. In the Select the calibration file for the new model dialog, select
WalkingStaticLowerBody.c3d

1. If using a knee alignment device, select Sub01 Static KAD 01.c3d
3. Click Open.

Define Necessary Model Metrics

Create Model Metrics
1. Create Subject Metrics:

1. Click Subject Data/Metrics button

2. Select the Mass and click the Modify Selected Item button
Name: Mass
Value or Expression: 75
NOTE: This value MUST be changed for each subject

3. Select the Height and click the Modify Selected Item button\\ Name: Height
Value or Expression: 1.76
NOTE: This value MUST be changed for each subject

4. Click Add New Item button

1. Name: MarkerRadius
Value or Expression: 0.005
NOTE: This value MUST reflect the size of the markers used in YOUR lab

2. Name: Left Knee_Width //
Value or Expression: //0.105
Create the Right Knee Width
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NOTE: This value MUST be changed for each subject

3. Name: Knee_Width
Value or Expression: (Left Knee Width + Right_ Knee _Width)/2

4. Name: Left_Ankle_Width
Value or Expression: 0.070
Create the Right_Ankle_Width
NOTE: This value MUST be changed for each subject

5. Name: Ankle_Width
Value or Expression: (Left_Ankle_Width + Right_Ankle_Width)/2

Pelvis Segment
Pelvis with 4 Targets

For an alternative pelvis definition with 3 targets see the original tutorial.

Pelvis with 4 Targets - Landmarks

Seaments | Landmarks Muscles | Subject Data / Metrics -

Landmarks] Fun-::tinnal] Digttizing SCRM l

Landmark Mame: |SCHM
Define Orentation Using:

Starting Paint |HP‘5I j (Reference)

{+ Targets and/or Landmark: Landmark Is:
Ending Point || PSI | (Onaline)
*Lateral object | j {On a plane)
“Project From | j {Projection onto
* = Optional a line or plane)

(" Edsting Segment ||—i"-E J

Landmark Cffset from Start Point (Reference) or Segment Crigin

(Offzet to Bxdsting Calibration
~
Target or Landmark | J

' Offset Using the Following ML/AP/AXIAL Offsets
ML |

AP |

AXIAL [05

Iv Offset by Percent (1.0 = 100%) (Meters when not checlked)

[v Calibration Only Landmark {Mot genersted for assigned motion file(s))

Undo Changes | Apphy | Build Model Close Tab

Copy to Clipboard | Paste from Clipboard
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1. Create SCRM:

1. Click Landmarks button
2. Click Add New Landmark button
3. Create Landmark: SCRM

Landmark Name: SCRM

Define Orientation Using:
Starting Point: RPS/
Ending Point: LPS/

Offset Using the Following ML/AP/AXIAL Offsets:
AXIAL: 0.5

Check: Offset by Percent (1.0 = 100%)

Check: Calibration Only Landmark

Pelvis with 4 Targets - Definition

Segments  Landmarks | Mugscles | Subject Data £ Metrics | ~

Segmentz | Segment F‘mperties] |K Constraintz ~ Pelvis l
Define Seament Type

Segment Type: |C0 DA ﬂ

Define Calibration Targets

RASIS [RASI |
LASIS LASI ~|
R.PSIS ISCRM |
LPSIS ISCRM |

Define ASIS Target Radius for Hip Joint Center Offset

ASIS Target Radius | 0.0000

Select Tracking Targets {Cid-Left Mouse Click to Multiselect)
[ Use Calibration Targets for Tracking

C1SCRM CJLHEE CILToE ¥ RPSI

CIRIGHT HIP  [JLKNE [ RANK CIRTHI

CILEFT HF  [#LPSI [¥] RAS] C1RTIE

] LANK CILTHI []RHEE [C]RTOE

[¥] LAS] CILTIE ] RKNE

£ >
Ooze Tab | ool Build Model
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2. Create Pelvis Segment:

In the Segments tab, select Pelvis in the Segment Name box.
Select CODA in the Segment Type box.

Click on the Create Segment button.

In the Pelvis tab, enter these values:

Ll o

Define Calibration Targets
R.ASIS: RASI  L.ASIS: LASI
R.PSIS: SCRM  L.PSIS: SCRM
Define ASIS Target Radius for Hip Joint Center Offset
ASIS Target Radius: MarkerRadius
Select Tracking Targets:
LASI, LPSI, RASI, RPSI

5. Click on Build Model.
6. Click on Close Tab before proceeding.

Hip Joint Center

The CODA pelvis automatically creates hip joint centers using the Bell and Brand regression
equations. The PiG model uses the Davis regression equations.

The directions below walk you through the necessary steps to create the RHJC and LHJC using the
Davis regression equations. Please note, some metrics can be manually entered OR target data can
be used to estimate these values.

Create Model Metrics for Hip Joint Center

1. Create Subject Metrics:

1. Click Subject Data/Metrics button
2. Click Add New Item button
1. Name: Left_Leg_Length
(A) Value or Expression: 0.940
OR:
(B) Value or Expression: DISTANCE(LASI,LANK)
Create the Right Leg Length
NOTE: If you specify an explicit value (ex. 0.940), this value MUST be changed for each
subject

2. Name: Leg Length
Value or Expression: (Left Leg Length + Right Leg Length)/2

3. Name: C
Value or Expression: 0.115*Leg Length - 0.0153

4. Name: theta
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Value or Expression: 28.4*P[/180.0

5. Name: beta
Value or Expression: 18.0*PI/180.0

6. Name: Xdis
(A) Value or Expression: 0.750
OR:
(B) Value or Expression: 0.1288*Leg Length - 0.04856
NOTE: If you specify an explicit value (ex. 0.750), this value MUST be changed for each
subject

7. Name: H/C_ML
Value or Expression: (C * sin(theta) -0.5 * ASIS_distance)

8. Name: H/C_AP
Value or Expression: (-Xdis-MarkerRadius) * cos(beta)+ C * cos(theta) * sin(beta)

9. Name: H/C AX
Value or Expression: (-Xdis-MarkerRadius) * sin(beta)- C * cos(theta) * cos(beta)

Helen Hayes Hip Landmarks

1. Create RHIP: (]

1. Click Landmarks button
2. Click Add New Landmark button
3. Create Landmark: RHIP

Landmark Name: RHIP
Define Orientation Using:
Click Existing Segment: Pelvis
Offset Using the Following ML/AP/AXIAL Offsets:
X:-HJC ML Y:HJC AP Z:H|C AX
Do NOT Check: Offset by Percent (1.0 = 100%)
Do NOT Check: Calibration Only Landmark

2. Create LHIP:

1. Click Landmarks button
2. Click Add New Landmark button
3. Create Landmark: LHIP
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Landmark Name: LHIP
Define Orientation Using:
Click Existing Segment: Pelvis
Offset Using the Following ML/AP/AXIAL Offsets:
X: HIC ML Y:H|C AP Z:H|C AX
Do NOT Check: Offset by Percent (1.0 = 100%)
Do NOT Check: Calibration Only Landmark

Thigh Segment

| Segments Landmarks | Muscles | Subject Data / Metrics A

Segments | Segment Properties | IK Constraints  Right Thigh |
r~ Define Proximal Joint and Radius

Lateral Joint Center Medial
|Nnne ﬂ |RH.KI Ll |Nune ll

Radius (Meters) ID.5'DI5T&HCE[HHJC.LI-LJC}

Define Distal Joint and Radius
Lateral Joint Center Medial
|RKNE v | |Nore v |None -

Radius (Meters) |0-5"Knee_Width + MarkerRadius

- Bdra Target to Define Onentation (f needed)

Location Lateral v | |RTHI -

 Select Tracking Tangets (Cid-Left Mouse Click to Multiselect)
v Use Calibration Targets for Tracking

Depth (Meters): |

Close Tab |  Guess Properties Apply Build Mode!

1. Create Right Thigh Segment:
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1. In the Segments tab, select Right Thigh in the Segment Name box.
2. Click on the Create Segment button.
3. In the Right Thigh tab, enter these values:

Define Proximal Joint and Radius
Lateral: None Joint: RH/C Medial: None
Radius: 0.5*DISTANCE(RH|C,LH|C)

Define Distal Joint and Radius
Lateral: RKNE Joint: None Medial: None
Radius: 0.5*Knee_Width + MarkerRadius

Extra Target to Define Orientation
Location: Lateral RTHI

Select Tracking Targets:

Check: Use Calibration Targets for Tracking

4. Click on Build Model.
5. Click on Close Tab before proceeding.

Shank Segment
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Segments |Landm3|1-:s Muscles | Subject Data / Metrics ~

Landmarks | Functional | Digtizing RKIC |
Landmark Name: |H+ur.:

Define Orientation Using:
Starting Point | ll (Reference)
Ending Point _~| ©naline)
“Lateral object _~| ©Onaplane)
*Project From | _~| (Projection onto
* = Optional a line or plane)

¢ Bxisting Segment [Right Thigh -

Landmark Offset from Start Point (Reference) or Segment Origin

¢~ Dffset to Existing Calibration I ;I
Target or Landmark

{+ (ffset Using the Following ML/AP/AXIAL Offsets
ML [00
AP |ﬂ.D
AXIAL |1

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

[~ Calibration Only Landmark (Not generated for assigned motion file(s))
Undo Changes Apply Build Model Close Tab
Copy to Clipboard | Paste from Clipboard

Shank Landmarks

1. Create RK]C:

1. Click Landmarks button
2. Click Add New Landmark button
3. Create Landmark: RKJC

Landmark Name: RKJC

Define Orientation Using:
Click Existing Segment: Right Thigh

Offset Using the Following ML/AP/AXIAL Offsets:
ML: 0.0 AP:0.0 AXIAL:-1.0

Check: Offset by Percent (1.0 = 100%)

Wiki Documentation Site - https://has-motion.com/wiki/


https://has-motion.com/wiki/lib/exe/detail.php?id=plug_gait_lower_limb_modified&media=pig_rkjc_landmark.png

Last update:

2025/09/29 plug_gait_lower_limb_modified https://has-motion.com/wiki/doku.php?id=plug_gait_lower_limb_modified&rev=1759173231
19:13

Do NOT Check: Calibration Only Landmark

Segments  Landmarks | Muscles | Subject Data / Metrics |

Segments | Segment Properties ] |K Constraints | Right Foot Right Shank l
X

Define Proximal Joint and Radius
Lateral Joirt Center Medial

RKNE | |RKIC | |None =]

Radius (Meters) |: 0575

Define Distal Joint and Radius
Lateral Joirt Center Medial

RAMNE ﬂ |Nn:|ne ﬂ |Nn:nne ﬂ

Radius (Meters) |D.5'ﬁnkle_‘.".u'idth + MarkerRadius

Extra Signal to Define Orientation (f needed)

Location | J |H|:-|'|e J

Select Tracking Signals
[v Lse Calibration Signals for Tracking

Depth (Meters):

§DOF Cutoff Frequency |[:-.[:-

Close Tab | Guess Properties | Apphy Build Model

Shank Definition

1. Create Right Shank Segment:

1. In the Segments tab, select Right Shank in the Segment Name box.
2. Click on the Create Segment button.
3. In the Right Shank tab, enter these values:

Define Proximal Joint and Radius

Lateral: RKNE Joint: RK/C Medial: None
Define Distal Joint and Radius

Lateral: RANK Joint: None Medial: None
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Radius: 0.5*Ankle_Width + MarkerRadius
Select Tracking Targets:
Check: Use Calibration Targets for Tracking

4. Click on Build Model.
5. Click on Close Tab before proceeding.

Foot Segment

Foot Landmarks

Segments || Landmarks Muscles | Subject Data / Metrics

" Segments I Landmarks Muscles | Subject Data / Metrics

Landmarks | Functional | Digtzing RAIC | |

Landmark Name: [RAJC Landmarks I Functional I Digtizing R_Toe_Z
Define Orientation Using:
Starting Point | LI (Reference) ﬂ
" Targets and/or Landmars e )
Ending Point | ] Ooatm) Name: |R_Toe_Z
“Lateral object | | ©naplane) — Define Orientation Using:
.?Doj;?m:m ! = {am?::f Starting Poirt  |RTOE LI (Reference)
@ Bsing Segment_[Fight Shank = ™ Targets and/or Landmar: Landmark Is:
Landmark Offset from Start Point (Reference) or Segmert Origi ] . )
i w;m o i I erence) or in ;] End|r1g Poirt ;I {On a |IFIE-'}
Target or Landmark . i
(5 Offset Using the Following ML/AP/AXIAL Offsets Lateral object LI {On a plane)
M. [oo *Project From ;I {Projection orto
w [00 * = Optional a line or plane)
maaL [ ¥ Existing Coordinate System IL-""-E LI
IV Offset by Percent (1.0 = 100%) (Meters when not checked) — Landmark Offset from Start Point (Reference) or Segment Crigin
I~ Calibration Only Landmark (Not generated for assigned motion file(s]) o Cffset to Existing Calibration I LI
Undo Changes | foply | BuldModel | Close Teb | Target or Landmark
Copy to Cipboard | Paste from Cipboard | % Offset Using the Following ML/AP/AXIAL Offsets
X Iﬂ.ﬂ
Y ID.CI
yi |411

[T Oifzet by Percent [1.0 = 100%) [Meters when nat checked]

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

Poply | BuldModel | [ CloseTab |

LIndo Changes | Copy to Clipboard | Paste from Clipboard |

1. Create RAJC:

1. Click Landmarks button
Click Add New Landmark button
3. Create Landmark: RAJC

N

Landmark Name: RA/C
Define Orientation Using:
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Click Existing Segment: Right Shank

Offset Using the Following ML/AP/AXIAL Offsets:
ML: 0.0 AP:0.0 AXIAL:-1.0

Check: Offset by Percent (1.0 = 100%)

Do NOT Check: Calibration Only Landmark

2. Create R_TOE_Z:

1. Click Landmarks button
2. Click Add New Landmark button
3. Create Landmark: R_TOE Z

Landmark Name: R_TOE Z
Define Orientation Using:
Click Starting Point and Existing Segment: RTOE and LAB
Offset Using the Following ML/AP/AXIAL Offsets:
ML: 0.0 AP:0.0 AXIAL:-0.1
Check: Offset by Percent (1.0 = 100%)
Do NOT Check: Calibration Only Landmark

Foot Definition
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Segments  Landmarks | Muscles | Subject Data £ Metrics |

Segments | Segment F‘n:nperties] |K Constraints  Right Foot l
X

Define Proximal Joirt and Radius
Lateral Joirt Center Medial

|N-:une ﬂ |HP~.JC j |Nu:une ﬂ

Radius (Meters) |HSI{_DIST;’-‘-.L_HADILIS

Define Distal Joirt and Radius
Lateral Joirt Center Medial

|N-:une ﬂ |HTOE ﬂ |N|:une ﬂ

Radius (Meters) |HSK_DIST;’-‘-.L_HADILIS

Extra Signal to Define Orentation (f needed)
Location |PDStEI‘iDr j |H_T|:|E_Z j

Select Tracking Signals
[ Use Calibration Signals for Tracking

O Lwic [CILEFT_HIP [ LkiC [ Las!

O rRwIC [CIRHIP OLac [CJLBHD

[CJLEJC _Track  [JLHIP Oc7 ] LELR

[CJREIC_Track []RKIC OcLav [C] LFHD

[ RIGHT_HIP [ RAIC [ Lank [ LFIN
Depth (Meters):

GDOF Cutoff Frequency |[:-.[:-

Close Tab | Guess F‘rc:perties| Apply Build Model

1. Create Right Foot Segment:

1. In the Segments tab, select Right Foot in the Segment Name box.
2. Click on the Create Segment button.
3. In the Right Foot tab, enter these values:

Define Proximal Joint and Radius
Lateral: None Joint: RA/IC Medial: None
Radius: RSK _DISTAL RADIUS

Define Distal Joint and Radius
Lateral: None Joint: RTOE Medial: None
Radius: RSK_DISTAL_RADIUS

Extra Target to Define Orientation
Location: Posterior R Toe Z

Select Tracking Targets:

Select: RHEE, RMT5, and RTOE

4. Click on Build Model.
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5. Click on Close Tab before proceeding.

Virtual Foot Segment

Segments Landmarks | Muscles | Subject Data / Metrics A

Segments | Segment Properties | IK Constraints  RVittualFoot |
Define Proxamal Joint and Radius

Lateral Joint Center Medial
|None _v| |RHEE v | |None |

Radius (Meters) |u.1

— Define Distal Joint and Radius

Lateral Joint Center Medial
|None ﬂ |HTDE ﬂ |Nune ﬂ

Radius (Meters) |0-1

Exdra Target to Define Onentation (f needed)

Location |ﬂnteﬂur v |H.u: v

— Select Tracking Targets (Ctd-Left Mouse Click to Multiselect)
¥ Use Calibration Targets for Tracking

Depth (Meters): |

Close Tab | Guess Properties Apply Build Model

1. Create RVirtualFoot Segment:

1. In the Segments tab, type RVirtualFoot in the Segment Name box.
2. Check Kinematic Only.

3. Click on the Create Segment button.
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4. In the RVirtualFoot tab, enter these values:

Define Proximal Joint and Radius
Lateral: None Joint: RHEE Medial: None
Radius: 0.1

Define Distal Joint and Radius
Lateral: None Joint: RTOE Maedial: None
Radius: 0.1

Extra Target to Define Orientation
Location: Anterior RAJC

Select Tracking Targets:

Check: Use Calibration Targets for Tracking

5. Click on Build Model.
6. Click on Close Tab before proceeding.

Segment Orientation (Relative to Lab) X
AP Axis Distal to Proximal
(" 4% (7 4%
(" X (" X
(" &Y 4y
X o
* +Z " +Z
C Z .

] | Cancel |

2. Modify the Segment Coordinate System:

1. Define the Segment Orientation as:
A/P Axis: +Z7
Distal to Proximal: -Y

Left Side Model

To build the left side of the model start by copying and reflecting the appropriate landmarks that were
created for the right side. Do the same for the thigh, shank and foot segments.
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Impact of Modifications

The images below show the original model, before modifications, compared to the modified model.
Significant errors in tibial rotation and foot orientation can be seen in the original that are corrected
for in the updated model.

Original:

Modified:
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