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Musculoskeletal Simulation

ANYBODY Body Loads

Modeling System  Joint moments
Muscle forces

.. * Joint reaction forces

Motion Data
Kinematics and Forces

[A] AnyBody - License - CAL reP
File Edit View Operation Tools Help.

D@ W X8 A 5| - [load i brectte W » M RunApplication -
EEF|R A Reploy: FEEAPEER: 1 1

Active Tools:  [£7] Main.HumanModel: Configuration

Model ~ 8 % | StandingPosturePrediction.main.any 4 b x| Model View1 vax o
Model Operations  Files //This is a model which can predict the posture as a consequence of spplied losds in hands A | ModelView1 | Chart1 DataView 2
//Tt does this by minimizing joint torques and apply balance drivers which account for external e
oy = . Qe e pe 0 180
coae /2pplied loads QIEEEG @ 0@ oo @
55 Main 7
147 HumanModel /" .
InputParameters //The model is driven by a conbination of the following drivers:
P! // * Drivers which minimize the joint moments (arising from gravity and applied loads in hands) in el
Model // * Driver which tries to kesp the CoP inside the foot stance area
& Kinematic_Pre_Study /7 * Feet maintain contact with the ground, but the position can be controlled by widgets
# Study /7 * Hands are linked to an object, of which positioning can be altered using widgets
7

» WidgetOperation

5 RunApplication 4

DrawsSettings //The current model has a force vector applied on the object being held between the hands with a zerc
1"

//Two type of loads can be applicd, cither a fixed weight of the object and/or a force vector

1"

//Te run the model

/1 * Load the model

// * Try to drag (click and drag) one of the widgets in the Modelview (seen as small coordinmate syste
/1 * when the widget is release the model will run the analysis

#include "libdef.any”
#include "jointlimit/Balance_template_foot_area.any”
#include "MinTorqueClass/MinTorqueClass. any”

Information v ax

/Iswitch to define if load is applied to both hands or a single hand

AnyMainFolder /IThree combinations LoadInRightHand,LoadInLeftHand, LoadInRightHand+LoadInLeftHand
#define LoadInRightHand 1

< >
Main Ln31 Col29

<

Model Tree:
Main

AnyScript Location: Output —

StandingPosturePrediictio

mainany (Line:36)  0.0) .Design variables have been updated.
0.1) . Kinematic analysis completed.
0.2) . Dependent variables are fully updated.
1.0) InverseD: (Operation: Main Stud
1.0.0) PreOperation (Operation: Main.Stucly. nverseDynamics.PreOperation):
1.0.0.0) InitialConditions (Operation: Main.Study.InitizlConditions):
1.0.0.0) .Design variables have been updated.
1.00.1)...Kinematic analysis completed.
1.00.2) .Dependent veriables are fully updated
1.0) Inverse dynamic analysis..
1.0) ..Inverse dynamic analysis completed

Ready
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AnyBody Modelling System
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Investigation of bracing to unload muscle and knee contact forces for
knee oteoarthritis patients

Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production, Aalborg University
E-mail: jss@mp.aau.dk

( Aalborg University, Denmark
Department of Materials and Production



Individualized

Osteoarthritis
Interventions

Non-invasive treatments of KOA

Lateral Medial

€= 2

; * Stiffness
~* Pain

* Multi-factoral disease
* Genetic
* Previous ligament ruptures
* Underloading
* Overloading

Modified picture from
(Pollo et al. 2002)

e Skin surface displacement
 MCL may be too stiff
e Shifts load but not reducing

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Interventions

_ F Individualized
= Innovation Fund Denmark I ﬁ Osteoarthritis

Develop a subject-specific knee brace to
unload the knee joint for KOA patients

Ly 207

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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St U d y I . M ome nt St U d y %< Innovation Fund Denmark IL

How to unload the knee?

* Investigate how internal knee compressive forces (KCF)
depend on moments

\\—quadricep . W W g
: 3 q . muscles ATy P 4
uadrice b R TR T
’ 21 usclesp N (contract) Origin’ alis 40 2
! at rest) ( g
hamstrin ' ;
muscles N
(contract) n ' ' ' rectus !

N patella femoris
(knee cap)

e
\If— patellar
; A tendon
.‘I N
f r Insertion: tibial 4
/ | | tibia tuberosity,
\ ' (shin bone)

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Transverse plane

Dorsi-
| flexion

Plantar-
flexion

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Study I: Moment study — Method A€ innovation fung oenmorkfll | D e

Apply external joint moments to simulate a brace in-silico
 Compensating muscle work - Reducing joint load

Abduction

ol

1]

Adduction

Sagittal plane

Coronal plane /_[E><"

Transverse plane

Hip

e

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Example of
knee flex-ext

( Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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St u dy I : M ome nt St U dy —_ Res u ItS %< |nnovation Fund Denmark

40% Muscle Compensation

Shaded £15D | | = Normal
daded area: .
400 - | Hip Fle-Ext

= KNnee Fle-Ext
== Ankle Plant-Dors
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Sagittal plane

Lateral Medial

_______

Total Compressive Load [%BW]
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Study I: Moment study — Findings

* Muscle contraction = Joint compressive force
— First peak: Knee and hip compensation
— Second peak: Ankle compensation

 Published in Stoltze et al. 2018

On the biomechanical relationship between applied hip, knee and ankle joint
moments and the internal knee compressive forces, International Biomechanics, 5(1)
DOI: 10.1080/23335432.2018.1499442

* Take home message:

Muscle compensation might be a more efficient approach for joint load
reduction than external KAM compensation

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Study Il: Brace prototype — Desigh Sl Ll

AIM: Reduce first peak with applied knee extension moment

e Levitation brace (passive)
Spring Loaded Technology

* Ascend Brace (active)
Roam Robotics

Subject-specific

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace



Study Il: Brace prototype — Design

* |Individually adjustable (subject-specific)

* Only applied during first peak

* No actuators for applying the moment
— Store potential energy in springs

* What type of springs?

* Depends on the size (and shape)
of the moment

Aalborg University, Denmar K Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace



Individualized

' - ) o
&= Innovation Fund Denmark Osteoarthritis
Interventions

MoCap of 5 gait trials (healthy subject)

- I |

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Study II: Brace prototype — Design Sl [P

Muscle moment during gait (healthy subjects)

Mean muscle moment

50 .

401 JFSt o wing ¢ Obvious choice is torsional springs
L ¥ peak | V.
£ phase — Linearitv ‘ i
‘» 20+ - 400 -
5 Stance phase -Swmg
g 10 =
2 = 300
I S
3 -0t § 200
= -20 1 8

Second = Muscle moment = 100 /
K . peak — Quasi-stiffness |
_40| ! ! I L ! L 0 L L I L
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
2] % of Gait Cycle

FE

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Activation mechanism Activation mechanism
locked unlocked
=

(e

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Individual adjustment

50

MK flexion(-)/extension(+)

-40

«

Mean muscle moment @

= \/uscle moment
= Quasi-stiffness

20 30
eAct O

Aalborg University, Denmark
Department of Materials and Production

FE

40 50 60 70

Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Development and Design Workflow of a Subject-Specific Knee Brace
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Study II: Brace prototype — Simulation Ky L

Individual adjustment |

1. Parameter study: @ \\e
N\ VA \_—Thigh
Vary LTL' LSL and K L7 ’<\\‘\\4/ upright

Thigh / n
|_'|'|_ =22-26 cm I|nka. \
“QS‘\

= 29- o L QY
L, =22-26 cm 0 Shan
U

‘l\ Spring line

I

K =[7.1,7.92,8.91 linkage
9.91, 11.09] N/mm Ls f

2. Choose optimal
brace parameters
(peak KCF, impulse, ...)

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Brace simulation

40 T T T T 3000 T T T T T T T
— Without brace
%0 ] 2500 |~ With brace
z
S 20 :
@ 2000 f
g —
3 10 1 Z
O 8 1500
s 0 18
5 —Muscle w/o brace 1000 -
0 =10 L Stance start/end |-
u ,
S Brace moment
20 - ® Bracing start/end |- 500 ¢
Muscle w brace
_30 | | | | | I O | | | | | | |
5 10 15 20 25 30 35 40 44 4.5 4.6 4.7 4.8 4.9 5 5.1 5.2

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Study II: Brace prototype — Test 4 nnovosonrung venmofll I e

Test on one healthy subject

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Study Il: Brace prototype — Test 4 innovaton fund venmar il | D1 Seeme

* Reduced EMG = Reduction of
compression forces?

* Evaluating the effect in AnyBody
— AnyExp4SOLIDWORKS

* Apply the measured spring force

Spring force

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Development and Design Workflow of a Subject-Specific Knee Brace

Department of Materials and Production
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AnyBody simulation of experimental tests

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Study II: Brace prototype — Test 3 onovation o penmor Jll [ D ST

500 Knee Compressive Forces 35 . . . . . . . .
T T T |
NoBrace _ 30 r a 1C€ | -
400 | Ko 1 Z 25
K20 P i
300 - |——K50 15 |
— K70 &
______ (D)
= = ]
m 200 ié
X = -
=
O i
100 E
———————— q_ |
L
LL
0 = 1
_100 1 1 1 1
0 20 40 60 80 100 50

% Stance phase 0 [deg]

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Study II: Brace prototype — Findings i

* Reduces EMG and knee compressive forces
* Published in Stoltze et al. 2021

Development and Functional Testing of An Unloading Concept for Knee
Osteoarthritis Patients: A Pilot Study, Journal of Biomechanical Engineering, 144(1)

DOI: 10.1115/1.4051847

* Influence on pain?

) e
ﬁfﬁ%

— Requires KOA patient analyses i fi
J Y

I =

e Who is suited for this intervention?

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Aalborg University, Denmark

Department of Materials and Production
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Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Development and Design Workflow of a Subject-Specific Knee Brace
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Aalborg University, Denmark
Department of Materials and Production
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Aalborg University, Denmark
Department of Materials and Production
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Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Development and Design Workflow of a Subject-Specific Knee Brace
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Study IlI: KOA patients — Test & innavationun oenmer il (DN e

* KOA patient tests (N=1)

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Study Ill: KOA patients — Test 4 novsonungoennoll D ST
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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Study Ill: KOA patients — Test

EMG of VML 20 EMG of RF
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Development and Design Workflow of a Subject-Specific Knee Brace

Department of Materials and Production
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen

Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




StUdy III: KOA patients — TeSt Innovation Fund Denmark LEI ?)E%%%ﬁ?s
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Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Study IlI: KOA patients — Findings

* Potential to reduce peak EMG and peak KCF
— For some patients

* No influence in pain was detected
* Placebo trials are important for brace tests

 Take home message:

An applied knee extension moment in early stance
has the potential to reduce KCF in KOA patients,
but not all patients are suited for this treatment

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace




Discussion

* Only tested one KOA patient

— More patient tests are required
* Applicaple for more activities than gait

— Advanced control is needed

* Very bulky and heavy

— Still needs to apply a large moment

* Vertical migration over time

Aalborg University, Denmark Jonas S. Stoltze, John Rasmussen and Michael S. Andersen
Department of Materials and Production Development and Design Workflow of a Subject-Specific Knee Brace
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- Time for questions
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