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INTRODUCTION 

Previous studies involving larger samples of young and 

elderly adult have presented basic spatiotemporal measures, 

kinematic measures and variability during gait [1].  However, 

information on the interaction of the center of mass position 

and velocity, center of pressure and dynamic base of support 

(BoS) while walking is lacking.  Therefore, the aims of this 

investigation were twofold.  First, to provide normative gait 

data, including measures of balance and stability, for young 

adults, older adults and elderly fallers.  Second is to 

investigate the effect of gender, age and body mass index 

(BMI) on selected gait variables.  A normative database of 

balance control measures among young and older adults will 

provide clinicians and researchers with important 

information to assess gait, diagnose dysfunction and reduce 

the risk of falls in the elderly. 

 

METHODS 

Gait analysis was performed on 258 adults from the 

surrounding community.  Participants included 106 healthy 

young adults (HY; 58 females), 118 healthy older adults 

(HO; 67 females) and 34 older adults who reported a fall in 

the prior 6 months (EF; 24 females).  All adults were asked 

to walk at a self-selected comfortable pace across a 10-meter 

unobstructed walkway.  Two force plates were placed along 

the walkway to collect ground reaction forces and moments.  

Three dimensional trajectories of 29 markers placed on bony 

landmarks were recorded using an 8-camera motion analysis 

system at 60Hz and low-pass filtered using a fourth-order 

Butterworth filter with cutoff frequency set at 8Hz.   

 

Dependent variables included spatiotemporal gait measures, 

and balance control measures such as the inclination angles 

formed by the center of mass (CoM) position and the center 

of pressure (CoP) [2], as well as the interaction of the CoM 

and CoM velocity (CoMv) with the base of support (BoS) 

at heel strike and toe off [3] (Figure 1).  Time to contact of 

the CoM to the boundary of the base of support and the 

area of the BoS were also analyzed. A two-way ANOVA 

was used to determine the effect of group (HY vs HE vs 

EF) and gender (male vs female) on clinical and gait 

measures.  

 

 

 

Figure 1: Interaction of the center of mass and base of 

support during double limb support (A) and single limb 

support (B).  The “x” represents the centroid of the 

dynamically changing base of support, the “o” represents 

the center of mass location and the arrow represents the 

center of mass velocity vector. 

 

RESULTS AND DISCUSSION 

No group*gender interactions were found for 

spatiotemporal gait measures or gait variability measures.  

Compared to healthy young adults, HY and EF walked at a 

significantly slower gait velocity, reduced stride length and 

increased step width variability (P < .001).   
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Among the balance control measures, significant group by 

gender interactions were found for the CoMv-BoS 

interaction and BoS Area at heel strike, as well as the 

maximum anterior CoM-CoP angle (Table1). The base of 

support area at heel strike was approximately 20% smaller in 

elderly fallers.  In addition, the time to contact of the CoM to 

the base of support was significantly reduced among the EF, 

when compared to the healthy adults at heel strike (P = .011).  

Alternatively, when the CoM is outside the BoS at toe off, 

the time to contact was significantly larger among EF when 

compared to HE (P = .003). 

  

CONCLUSION 

Among older adults, a reduced walking speed and stride 

length is a commonly described gait adaptation.  While such 

a compensatory strategy is used to maintain balance, it has 

been shown that older people who adopt this tactic still are 

likely to suffer from falls.  Therefore, other factors might 

predispose fallers to an increased likelihood balance loss 

during ambulation [4].  Mechanisms such as an increased 

medial CoM-CoP inclination angle and a reduction in time 

to contact at heel strike might be indicative of an inability 

to respond to possible perturbations or improper foot 

placements among the EF.  Interventions among these 

adults might address increasing the response time in order 

to prevent further fall incidents. 
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Table 1: Average (SD) balance control parameters among adults 

Healthy Young Healthy Elderly Elderly Fallers 
Variable 

M F M F M F 
Main Effects*† 

Anterior CoM-CoP a 
12.7 
(2.2) 

13.7 
(2.3) 

12.2 
(2.1) 

11.4 
(2.4) 

8.9 
(2.3) 

9.3 
(2.1) 

<.001* 
.534† 

Medial CoM-CoP a 
4.08 
(0.68) 

4.03 
(0.76) 

4.66 
(1.08) 

4.20 
(0.96) 

4.99 
(1.19) 

4.47 
(1.05) 

.001* 

.018† 

Time to Contact (ms) b 
160 
(30) 

155 
(30) 

175 
(28) 

161 
(30) 

147 
(27) 

157 
(34) 

.007* 

.542† 

BoS Area (cm2) b 
509 
(62) 

469 
(62) 

478 
(70) 

390 
(57) 

406 
(53) 

328 
(42) 

<.001* 
<.001† 

Time to Contact (ms) c 
135 
(37) 

124 
(49) 

119 
(38) 

116 
(36) 

155 
(82) 

136 
(63) 

.007* 

.120† 
a Maximum CoM-CoP angle; b CoM-BoS measure at heel strike; c CoM-BoS measure at toe off. 
* Group main effect; † Gender main effect 
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