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The aim of the current Ph.D. project is to improve our understandings of the mechanical interaction between hip and lumbar spine by means of the investigations of 

internal loading, kinematics and muscle forces. Both experimental and numerical approaches are pursued, combining 3D motion analysis (Vicon System) and a 

musculoskeletal modelling (Anybody Technology). During the second year, the Ph.D. research activity was focused on the investigation of the effect of the arm 

swing (AS) on the loads in the lumbar spine and hip joint in walking. Human gait is characterized by pronounced arm movement, yet musculoskeletal models 

usually lump the mass of the arms with the head and torso. This simplification improves computational efficiency, but it is appropriate only if AS has a relatively 

minor impact on the biomechanics of walking. However, the implications of this simplification have not been thoroughly documented in the literature. 

EXPERIMENTAL PROTOCOL 

Inclusion Criteria 
 

 n=6 

 BMI 21-25 

 Age 23-30 

Exclusion Criteria 
 

 Current or previous 

history of back pain  

 Spinal and/or hip 

implants 

 Any musculoskeletal 

disorders potentially 

influencing normal 

physiological kinematics 

 

Standing  

position 

With normal 

AM 
Without 

normal AM 
Bonded Arms http://www.anybodytech.com 

Collection of 

anthropometric data 

Body 

segments 
# Markers 

Lower Limbs 18 

Pelvis 5 

Lumbar Spine 5 

Thorax 3 

Head 4 

Upper limbs 14 

Total 47 

2 AMTI force plates (fr = 900 Hz)  

10 cameras (fr = 150 Hz) 

  

DATA PRE-PROCESSING 

Labeling Filling gaps Filtering 

Butterworth Filter:  
 Low-pass 

 Zero-phase, 

 Second order  

 Cut off frequency 

Raw Trajectories Filtered Trajectories 

(Filt Traj) Fc                 Fopt 
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COMPUTATIONAL MODEL & RESULTS 

INTRODUCTION  

Musculoskeletal models 

With arm swing 

Without arm swing 

Bonded arms 

CONCLUSIONS 

 

 
       

Input Data 

 Labelled Trajectories &            

Ground Reaction Forces 

from Vicon  Nexus (C3D file) 

 Filter setting 

     Cut off frequency 

     Filter order 

 Anthropometric data  

 Marker set   

     local coordinates  

     sRelOpt ={x, y, z}; 

 Scaling 

 Optimization routine to 

update 

     1. anthropometrical data 

     2. marker position 

 Kinematics 

 Inverse Dynamics 

Output Data 
 

   Loads in the lumbar spine and hip joint 

Loads & 

Muscle forces 

A complete marker set of the upper 

extremities is NECESSARY during 

gait for an ACCURATE investigation 

of the spinal loads 

Impact of AM  

Relevant 

Limited 

  

FUTURE DEVELOPMENTS 

  

 Model validation with in-vivo data 

 Influence of walking speed 

 Simulations with crossed arms  
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