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Human Gait 
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Gait Terminology 



Gait Cycle 



Gait Cycle 
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Ground Reaction Forces during Normal Gait



Ground Reaction Forces during Normal Gait
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Displacement of Center of Gravity 
Vertical Displacement (Sagittal Plane) 



Displacement of Center of Gravity 
Lateral Displacement (Horizontal Plane) 
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Displacement of Center of Gravity 
The Combination of Displacements 
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Determinants of Gait 
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Gait: Experiment and Simulation 

Healthy Male 
Free Speed (1.75m/s) 
 
  Motion Capture 
  Force Plate 
  Electromyography 

 
23DOF actuated by 
92 muscle-tendon units 



Muscle Activations during Normal Gait (1.75m/s) 



Demircan E., Wheeler J., Anderson F. C., Besier T., and Delp S., “EMG-Informed Computed Muscle Control for 
Dynamic Simulations of Movement.” In Proc. of the XXII Congress of the International Society of Biomechanics, 
Cape Town, South Africa, July 2009 



Constraint-Consistent Analysis of Muscle Force 
Contributions to Human Gait 

Demircan, E. and Khatib, O., “Constraint-Consistent Analysis of Muscle Force Contributions to Human Gait”,  
Advances in Robot Kinematics, Springer, 13th International Symposium, Innsbruck, Austria, June 2012 

ẍ = J(q)A(q)−1(LTmmaxa− g(q)− JT
c1
Fext1 − JT

c2
Fext2)

percent gait cycle 
0 20 40 60 

Results Our 
findings 

Liu et al. 
2006 

Neptune et al. 
2004 

Liu et al. 
2008 

Gluteus medius, vasti, hamstrings, 
gastrocnemius, soleus and dorsiflexors 
are important modulators of accelerations 



Constraint-Consistent Analysis of Muscle Force 
Contributions to Human Gait 

Demircan, E. and Khatib, O., “Constraint-Consistent Analysis of Muscle Force Contributions to Human Gait”,  
Advances in Robot Kinematics, Springer, 13th International Symposium, Innsbruck, Austria, June 2012 

ẍ = J(q)A(q)−1(LTmmaxa− g(q)− JT
c1
Fext1 − JT

c2
Fext2)

percent gait cycle 
0 20 40 60 

Results Our 
findings 

Liu et al. 
2006 

Neptune et al. 
2004 

Liu et al. 
2008 

Hamstrings and gluteus medius were 
primary contributors to support and 
progression in early stance. 



Constraint-Consistent Analysis of Muscle Force 
Contributions to Human Gait 

Demircan, E. and Khatib, O., “Constraint-Consistent Analysis of Muscle Force Contributions to Human Gait”,  
Advances in Robot Kinematics, Springer, 13th International Symposium, Innsbruck, Austria, June 2012 

ẍ = J(q)A(q)−1(LTmmaxa− g(q)− JT
c1
Fext1 − JT

c2
Fext2)

percent gait cycle 
0 20 40 60 

Results Our 
findings 

Liu et al. 
2006 

Neptune et al. 
2004 

Liu et al. 
2008 

At faster speed, greater forces in the 
soleus and gastrocnemius are observed 
in late stance. 



Constraint-Consistent Analysis of Muscle Force 
Contributions to Human Gait 

Demircan, E. and Khatib, O., “Constraint-Consistent Analysis of Muscle Force Contributions to Human Gait”,  
Advances in Robot Kinematics, Springer, 13th International Symposium, Innsbruck, Austria, June 2012 

ẍ = J(q)A(q)−1(LTmmaxa− g(q)− JT
c1
Fext1 − JT

c2
Fext2)

percent gait cycle 
0 20 40 60 

Results Our 
findings 

Liu et al. 
2006 

Neptune et al. 
2008 

Liu et al. 
2008 

Hip flexors (iliacus, psoas, rect fem) didn’t 
contribute significantly to mass center 
acceleration. 



Musculoskeletal Disorders  
Crouch vs. Normal Gait 



Reeducation of Musculoskeletal Disorders 
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•  Abstract 
•  Introduction 
•  Methods 
•  Experimental Setup (if any) 
•  Results 
•  Discussion and/or Conclusions 
•  Acknowledgments 
•  References  



 

•  Summarize the paper in your own words: 
 

–  Say what the authors have done, what their contribution is, and what  the 
significance of that contribution is (write your own abstract). 

 
–  The point here is for you to show you have read and understood the point of 

the paper.  

Source: http://users.ecs.soton.ac.uk/hcd/reviewing.html 



 

•  Analyze the technical content and examine:  
 

–  the extent to which the work is relevant to this workshop/conference/journal, 
–  the extent to which the work answers a valid research question,  
–  the research methodology, 
–  the quality of results and argumentation, 
–  awareness of related work (including the correct number of appropriate 

references), 
–  the degree of significance of the results, 
–  do the conclusions follow from the work described? 
 

Source: http://users.ecs.soton.ac.uk/hcd/reviewing.html 



 

•  Keep the review Critical and Constructive! 
 

–  advise the authors for improvements and inform them about the weaknesses, 
typos, inconsistencies, errors of the paper.  

Source: http://users.ecs.soton.ac.uk/hcd/reviewing.html 



 

•  Analyze the quality of writing: 
 

–  Can you understand the development of the argument? 
–  Does the abstract describe what you read? 
–  Do the introduction and conclusions tell a story on their own? 
–  Have the authors kept to the format and length requirements of the publishers? 
–  Are the diagrams and figures readable? 
–  Are the references and citations formatted properly? 
–  Are the references "fully formed"? (Are all the authors listed? Is all the 

information about the venue that would be needed to retrieve the paper listed?) 

Source: http://users.ecs.soton.ac.uk/hcd/reviewing.html 



 

•  Typos: 
 

–  Do you spot any grammatical errors, typos and other minor textual problems? 
–  How is the English level throughout the paper?  

Source: http://users.ecs.soton.ac.uk/hcd/reviewing.html 



 

•  Conclusions: 
 

–  Answer the questions "Will it interest people who attend this conference/ read 
this publication? Why? Who?“ 

–  Justify your overall recommendation. 

Source: http://users.ecs.soton.ac.uk/hcd/reviewing.html 
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16th Jan 2007) 
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http://www.acm.org/sigplan/oopsla/oopsla96/how93.html (last accessed 16th Jan 2007) 

•  Ian Parberry A Guide for New Referees in Theoretical Computer Science. ACM SIGACT 
News (Nov 1989)  Available at http://portal.acm.org/citation.cfm?id=74090 
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