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INTRODUCTION 

Coordination can be understood as the organization of the elements that take part in the action, such as limbs, joints, muscles, 
etc., to act as a functional unit 1, resulting in the motor pattern, such as walking and running. Among different forms of investigating gait 
coordination, we selected the vector coding technique, which is a spatial measurement technique  2. The focus of this technique is on the 
relationship between two elements, such as two body segments or two joints, in terms of angular displacement. The angles are 
directional and acquired from polar distributions (0° to 360°), and the gait coordination is inferred from an angle delimited from a vector 
connecting two successive time points relative to the right horizontal (i.e., the coupling angle, “g”)  2. Four modes of coordination are the 
main output of the vector coding technique: (1) in-phase: the two elements into consideration act in the same direction (angle definitions: 
22.5°≤g≤67.5°, 202.5°≤g≤247.5°); (2) anti-phase: the two elements into consideration act in opposite directions (angle definitions: 
112.5°≤g≤157.5°, 292.5°≤g≤337.5°); (3) proximal-element-phase: the proximal element leads the movement (angle definitions: 
0°≤g≤22.5°, 157.5°≤g≤202.5°, 337.5°≤g≤360°); (4): distal-element-phase: the distal element leads the movement (angle definitions: 
67.5°≤g≤112.5°, 247.5°≤g≤292.5°). It is important to note that this technique can be employed to investigate gait coordination in 
different body parts 3,4,5 and different populations, such as post-stroke survivors 5. 

In the infographic, we exemplify the employment of the vector coding technique on the thigh (proximal) and shank (distal) 
segments and show a time series of the coupling angle during a gait cycle. The data presented is from a non-disabled male adult walking 
at a self-selected speed. In the time series, we can observe how the four modes of coordination change throughout the gait cycle. At heel 
strike, the shank leads the leg’s movement (shank-phase mode) and as the foot moves towards the walking surface (i.e., foot flat), the 
thigh and shank move in the same direction (in-phase mode). From mid-stance to toe-off (approximately 35%-65% of the gait cycle) thigh 
and shank change the modes of coordination as they rotate to prepare for the swing period of gait. Finally, at the end of the swing period, 
we can observe that the thigh-shank coupling changes briefly to anti-phase mode and returns to shank-phase mode to start a new gait 
cycle. Even though the orientation of both segments changes, the shank remains leading the movement. 
 

REFERENCES 
 
1. Barela JA, Barela AMF. Cotrole motor: dos programas à visão dinâmica. In: Pithon-Curi TC (ed) Fisiologia do exercício. Rio de Janeiro: Guanabara 

Koogan; 2013:pp.79-87. 

2. Van Emmerik REA, Miller RH, Hamill J. Dynamical systems methods for the analysis of movement coordination. In: Robertson DGE, Caldwell GE, 

Hamill J, Kamen G, Whittlesey S (eds). Research methods in biomechanics. 2nd ed. Champaign, IL: Human Kinetics; 2014:pp.291-315. 

3. Needham R, Naemi R, Chockalingam N. Quantifying lumbar-pelvis coordination during gait using a modified vector coding technique J Biomech. 

2014;47:3911-3912. doi: 10.1016/j.jbiomech.2014.09.022. 

4. Chang R, Van Emmerik R, Hamill J. Quantifying rearfoot-forefoot coordination in human walking. J Biomech. 2008;41:3101-3105. doi: 

10.1016/j.jbiomech.2008.07.024. 

5. Celestino ML, Van Emmerik R, Barela JA, Gama GL, Barela AMF. Intralimb gait coordination of individuals with stroke using vector coding. Hum 



BJMB                  Infographic 
Brazilian Journal of Motor Behavior 
 

Barela, Celestino 2024 VOL.18 N.1 https://doi.org/10.20338/bjmb.v18i1.456 

 
 

2 of 2 

Mov Sci. 2019;68:102522. doi: 10.1016/j.humov.2019.102522 

 

Citation: Barela AMF, Celestino ML (2024). Infographic: exploring gait coordination using the vector coding technique. Brazilian Journal of Motor Behavior, 18(1):e456. 
Editor-in-chief: Dr Fabio Augusto Barbieri - São Paulo State University (UNESP), Bauru, SP, Brazil.  
Associate editors: Dr José Angelo Barela - São Paulo State University (UNESP), Rio Claro, SP, Brazil; Dr Natalia Madalena Rinaldi - Federal University of Espírito Santo 
(UFES), Vitória, ES, Brazil; Dr Renato de Moraes – University of São Paulo (USP), Ribeirão Preto, SP, Brazil. 
Copyright:© 2024 Barela and Celestino and BJMB. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No 
Derivatives 4.0 International License which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 
Funding: Nothing to declare. 
Competing interests: The authors have declared that no competing interests exist.  
DOI: https://doi.org/10.20338/bjmb.v18i1.456 

 


	1. Barela JA, Barela AMF. Cotrole motor: dos programas à visão dinâmica. In: Pithon-Curi TC (ed) Fisiologia do exercício. Rio de Janeiro: Guanabara Koogan; 2013:pp.79-87.
	2. Van Emmerik REA, Miller RH, Hamill J. Dynamical systems methods for the analysis of movement coordination. In: Robertson DGE, Caldwell GE, Hamill J, Kamen G, Whittlesey S (eds). Research methods in biomechanics. 2nd ed. Champaign, IL: Human Kinetic...
	3. Needham R, Naemi R, Chockalingam N. Quantifying lumbar-pelvis coordination during gait using a modified vector coding technique J Biomech. 2014;47:3911-3912. doi: 10.1016/j.jbiomech.2014.09.022.
	4. Chang R, Van Emmerik R, Hamill J. Quantifying rearfoot-forefoot coordination in human walking. J Biomech. 2008;41:3101-3105. doi: 10.1016/j.jbiomech.2008.07.024.
	5. Celestino ML, Van Emmerik R, Barela JA, Gama GL, Barela AMF. Intralimb gait coordination of individuals with stroke using vector coding. Hum Mov Sci. 2019;68:102522. doi: 10.1016/j.humov.2019.102522

