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Resolution of the inverse dynamics of musculoskeletal model of the lower limb validated with
AnyBody
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Objectives.

2. REAL-TIME MODEL

Model characteristics.
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Muscle resolution.
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Validation difficulties.
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Introduction
« Objectives.

A58 UNIVERSITAT
)9 pouiTEcniCA
% DE VALENCIA

MECHAN
UNIVER

NEERING

10



Introduction Real-Time Model Validation Comparation Robustness Tools proposed Conclusions
Objecti

Lower limb musculoskeletal model

Development of a lower limb model to be used in conjunction with
the knee rehabilitation robot.

Model validation

Model validation process by comparing its results with data from other models
and empirical data and robustness analysis of the model components.

Development of rehabilitation tools

Development of the force envelope for the estimation of the maximum force.
Calculation of the equivalent external force for the desired muscle activation.
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REAL-TIME MODEL

- Model characteristics.
- Kinematics.

« Dynamics.

« Muscle resolution.
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Introduction

Comparation

Robustness

Tools proposed

Real-Time Validation
Model

Model characteristics

6 Degree of freedom

Klein Horsman’s (2007) dissection

Hip and knee calibration exercises

Quasistatic model

Programmed in MATLAB and C++

MECHANICAL AND BIOMECHANICAL ENGINEERING
UNIVERSITY RESEARCH INSTITUTE

éi onticaes ANYBODY

s/ DE VALENCIA TECHNOLOGY

Conclusions
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Joint Kinetics
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- Real-Time
Introduction
Model

"

Validation

Comparation

Robustness

Tools proposed

Inverse Dynamics

Conclusions
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Resolution of muscle coactivation
Karush-Kuhn-Tucker Conditions:

o ANYBODY

DE VALENC A TECHNOLOGY



Resolution of muscle coactivation

Function with KKT conditions (example for 2dof):
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Introduction

Robustness

Tools proposed

Real-Time Validation Comparation
Model

Resolution of muscle coactivation

All .i; coefficients are considered zero and all
muscles tension are calculated.

Some 0; < 0?

Muscles with negative tension are disactivated.

Their coefficients are not considered in the calculation
of the Lagrange multipliers.
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All muscle forces than o; > 0 are
calculated, rest keep ON.

Some o; < 0 new? Yes

Conclusions
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Validation process

» Validation difficulties
« Steps for the validation.
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Introduction Real-Time Model Validation Comparation Robustness Tools proposed

Validation difficulties

« An objective validation is not possible in musculoskeletal models.

« Impossible to know the real muscular forces with not invasive techniques.

« Muscle coactivation changes between persons.

- Muscle coactivation depend on the exercises.

« There is not a large amount of empirical data for validation
« Existing empirical data uses old subjects.
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Introduction Real-Time Model Validation Comparation Robustness Tools proposed Conclusions
Validati

. Research question
. Prototype and verification plan

. Verification of the model
. Comparation of the results between “Gold Standard” y empirical data

. Robustness test

. Documentation of the model
. Generate predictions and hypotheses
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ANYBODY COMPARATION

« Anybody’s model used and differences between models.
- Comparation process.

- Experimental data.

« Grand Challenge data.
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Introduction Real-Time Model Validation Robustness Tools proposed Conclusions

Anybody’s model

Main.HumanModel: Configuration — a x
Eile Edit

Body Legs Arms Trunk  Mannequin Drivers Advanced ScriptFile About

AnyBody’s model configuration:

[ Right Arm [ Left Arm
Detailed hands

[A Left Right [ Left Leg

Type: | TLEM Leg ~

Differences between models:

Rttt ot o [

Status: OK Configure your body model...
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Introduction

Real-Time Model

Experimental data:

Grand Challenge:
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Introduction Real-Time Model Validation Robustness Tools proposed Conclusions
Comparation “Gold Standar”

Knee flexion

MMEGgd

p=0.999
— AnyBody

Time (s)
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Introduction

Real-Time Model

Robustness

Tools proposed

Comparation “Gold Standar”

Vastus Lateralis nmscle

Comparison conclusions:
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Empirical dat ti

Comparation using “Grand Challenge:
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Introduction

Real-Time Model

Robustness

Tools proposed

Comparison with empirical data

Conclusions comparison:
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ROBUSTNESS TEST

« Markers used
« |nertial parameters.
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Real-Time Model

Validation

Comparation

Marker positioning:
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Introduction

Real-Time Model

Validation

Inertial parameters:
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Comparation Tools proposed Conclusions
Robustness test
g ¢ Man Woman
cemen Masa CoM Masa CoM
Femur | 17,1% 99 mm | 21,5% 10,1 mm
Tibia 163% 9,7mm | 20,8% 6,7 mm
Foot 159% 4,1 mm | 14,8% 3,7 mm
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TOOLS PROPOSED WITH THE CURRENT MODEL

« Force envelope.
- External equivalent force.
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inroducton Real-Time Model Validaton Comparation Robusiness Conlusions
Tools proposed with the current model

Force Envelope: Equivalent external force:
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Real-Time Model

Validation

Comparation

Methodology
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Introduction Real-Time Model Validation Comparation Robustness Tools proposed Conclusions

Current experiments:
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Introduction Real-Time Model Validation Comparation Robustness Tools proposed Conclusions

M Bth 0 d 0 I 0 gy Equivalent external forces
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Introduction Real-Time Model Validation Comparation Robustness Tools proposed Conclusions
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Introduction Real-Time Model Validation Comparation Robustness Tools proposed Conclusions

Muscle activation

Results:

0.15

MMuacle activation

Media EMG
) Desviation EMG
Media MME#fgld
Desviation MMBERgld
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Knee flexion (*)
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CONCLUSIONS AND FUTURE RESEARCH
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Real-Time Model

Validation

Comparation

Robustness

Tools proposed

Conclusions

Real-time Musculoskeletal Model

A six-degree-of-freedom musculoskeletal model capable of real-time calculation of muscular and joint

forces has been developed

Experimental validation of the Model

The developed model has been validated and verified for its concurrent use with the rehabilitation

robot.

Development of new tools for rehabilitation

Two rehabilitation tools have been developed using the ME model: the force envelope and the

equivalent external force.
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Introduction

Real-Time Model

Validation

Comparation

Robustness

Tools proposed

Future research

Rehabilitation Exercises with Patients

The new rehabilitations tools will be applied in the
rehabilitation process of real patients where the new tools

could optimize the rehabilitation process, improve the
patient recovery and reduce the clinic time.

Application of the Model in advanced
rehabilitation robots

The musculoskeletal model will be applied in new advanced

rehabilitation control system of the rehabilitation parallel
robot. Using the model to generate recovery trajectories and
adapt exercises at the maximum voluntary contraction of the

patients.
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