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1. BCoM Introduction

• BCoM Vertical Excursion ~ 4-5 cm;

• Used in: 

– mechanical energy changes estimation;

– gauge of Efficiency;

– estimator of Quality of Gait;

– to estimate Work;

– to describe Asymmetry;
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1. Introduction

Purpose of study: to account for differences 
in vertical BCOM excursion calculated 

from kinematic data and kinetic data in:

• Sacral Marker Method

• Body Segmental Analysis Method

• Force Platform Data Method
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Sacral Marker Method

• simplest kinematic method;

• 1 marker placed on sacrum 
(middle of the 2 PSIS’s);
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Body Segmental Analysis Method

• more sophisticated

kinematic method;

• multiple markers;

• anthropometric model to 
calculate the CoM of

each segment;

• BCoM = weighted

average of vertical

displacements
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Force Platform Data Method

• use of GRF;

• Newton’s 2nd Law;

• double integration of 
the acceleration term 

with proper 
consideration for the 

integration constants
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2. Theoretical Model

• 3 rigid link model 

(trunk & 2 legs);

• 2 rocker legs –
effective lengthening;

• Leg CoM causes 

BCoM to change its

position relative to 

sacral marker;
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3. Methods

•• 10 10 healthyhealthy adultsadults (5M, 5F);(5M, 5F);

•• 4 4 walkingwalking speedsspeeds (0.8, 1.2, 1.6, 2.0 (0.8, 1.2, 1.6, 2.0 mm\\ss););

•• 8 8 camscams (MAC, Santa Rosa, USA)(MAC, Santa Rosa, USA); 6 ; 6 FF--platesplates (AMTI, (AMTI, WatertownWatertown, USA), USA)
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4. Results

as step as step lengthlength

increases, the increases, the 
reciprocal action of reciprocal action of 

the legs raise the the legs raise the 
position ofposition of BCOM BCOM 

relative to trunk, relative to trunk, 

causing its vertical causing its vertical 
excursion to be lessexcursion to be less

fromfrom theoreticaltheoretical model:model:
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4. Results

VerticalVertical

displacementdisplacement

vsvs timetime for for 

eacheach gaitgait

speedspeed

Average BCoM
trials of one 

representative sub.
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VerticalVertical excursionexcursion vsvs gaitgait speedspeed::
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5. Discussions
& Conclusions:

• discrepancies between the sacral marker 
method and the other two techniques were
explained using a simple model; 

• the reciprocal configuration of the legs during
double support phase significantly raises the
position of the BCOM within the trunk at longer
step lengths, corresponding to faster walking
speeds;

• the theoretical model predicts that the sacral
marker method, which tracks trunk motion, will 
tend to over-estimate vertical trunk excursion
compared to the segmental analysis and force
platform methods;
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5. Discussions

& Conclusions

• at the slowest walking speed the vertical excursions
calculated by all three techniques were similar

• the body segmental analysis and force platform 
techniques were in agreement at all walking speeds

• the sacral marker method may provide a reasonable
approximation of vertical BCOM motion at slow and
freely selected speeds of able-bodied walking;

• the body segmental analysis or force platform
techniques will yield better estimates at faster walking
speeds or in persons with gait pathologies


