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Control Panel
The Control Panel appears on the right side of 
your screen.

Submit questions and comments via the 
Questions panel.

Questions will be addressed at the end of the 
presentation. If your question is not addressed, 
we will do so by email. 
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Expand/Collapse the 
Control Panel
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Modeling System

Motion Data
Kinematics and Forces

Musculoskeletal Simulation

Body Loads
• Joint moments
• Muscle forces
• Joint reaction forces
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Estimation of Spinal Loading During Manual Materials Handling Using
Inertial Motion Capture

Frederik G. Larsen*, Frederik P. Svenningsen, Michael S. Andersen, Mark de Zee, Sebastian L. Skals
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Background

• Low back pain is the most frequent musculoskeletal disorder (Andersson, 
1999)

• Assessment of spinal loading during material handling
• 2-D biomechanical models (Potvin 1997, Merryweather 2009)

• 3-D computer simulations in the lab (Bassani et al. 2017)

• Inertial motion capture
• Combining the kinematics with predicted GRF to estimate spinal loading

(Karatsidis et al. 2019)
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Aim
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to evaluate the concurrent validity of a 

musculoskeletal model driven exclusively using IMC 

data and GRF prediction for estimating L4–L5 spinal 

forces during various lifting and transferring tasks.



Experimental Data

• 9 men, 4 women

• Standardized lifting tasks with 
increments of the burden
(5-20 kg)

• Kinematics
• Qualisys (42 markers, 120 Hz)
• Xsens MVN Awinda (17 IMU, 60 Hz)

• Kinetics
• AMTI force plates (1200 Hz)
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Computer simulations

• IMU input into the AnyBody Modeling System
• Apply sensors, measurement of body dimensions and calibration

• Stick figure from .bvh file

• Virtuel markers (Skals et al., 2017)

• Prediction of ground reaction forces (Fluit et al., 2014; Skals et al., 2017)
• Contact elements with actuators under each foot
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● 1) IMC-PGRF

● 2) OMC-PGRF

● 3) OMC-MGRF



Data analysis and statistics 

• Parameters of interest
• Trunk flexion

• Vertical GRF for the right and left foot

• JRFs at the L4–L5 discs

• Forces erector spinae muscle force

• Statistical comparison 
• Intraclass correlation coefficients

• Root mean square error 

• Relative root mean square error 

• Bland – Altman bias and limits of agreement
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Results: SYM Vertical GRF 
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Results: ASYM Vertical GRF 
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Results: SYM axial compression force
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Results: ASYM axial compression force
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Results: Axial compression force LOA
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Results: SYM anteroposterior shear force

19

SYM-10SYM-5 SYM-15 SYM-20



Results: ASYM anteroposterior shear force
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Results: SYM mediolateral shear force
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Results: ASYM mediolateral shear force
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Results: SYM Erector spinae 
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Results: ASYM and TRA Erector spinae
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Thorax-Pelvis orientation
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Sensitivity of pelvis tracker?
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(De Zee et al. 2007)



Conclusion

• IMC-PGRF model can be used to estimate musculoskeletal loading 
during standard manual materials handling tasks under dynamic 
conditions

• The introduction of a burden to the analysis results in less accurate 
JRF compared to a previous study on gait (Karatsidis et al. 2019)   

• IMC-PGRF models might be used in the field to track
relative changes in axial compression forces
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New BVH improvements in version 7.2.3

! Ensure you use the newest version:
◦ Anybody Model Repository (AMMR v.2.2.3)
◦ AnyBody Modeling System (AMS v.7.2.3)

• 1.Virtual markers are attached to the BVH rig

• 2.When models loads the position of the markers are 
calculated using a "forward" approach

✓3.Removes jump in angles problems entirely

✓4.The PreProcess analysis step is no longer needed

Note: 
• Many inertial MoCap system suffer 

from bad acceleration data.
• Wrong accelerations == wrong forces



Updating older models
Goto AMMR documentation:



www.anybodytech.com 

◦ Events, dates, publication list,  ...

www.anyscript.org

◦ Wiki, Repositories, Forum

Events:

◦ May 6th Webcast (English):

Subject-specific lower limb modeling and evaluation 
with a force-dependent kinematics natural knee 
model

◦ May 7th Webcast (Spanish):

Modelado y evaluación del miembro inferior nativo 
usando cinemática fuerza-dependiente y 
geometrías específicas del sujeto

Meet us? Send email to  sales@anybodytech.com
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Time for questions:
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