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SUMMARY 
The aim of this study was to investigate the relationship 
between daily-life gait patterns and falls efficacy in elderly 
subjects. The results showed that dynamic balance features, 
quantified by symmetry, regularity and smoothness pattern of 
trunk during gait correlate significantly with falls efficacy. 
These features were more discriminative that endurance 
parameters (i.e. distance walked) in subject with fall concern. 
The developed methodology may provide an objective tool for 
fall risk assessment or prevention. 
 
INTRODUCTION 
Falls efficacy refers to the confidence in one’s ability to 
perform activities of daily living (ADL) without falling [1]. 
Elderly people with low falls efficacy (i.e., concerned about 
falls) have decreased functional mobility, reduced quality of 
life, depressive symptoms and greater risk of falling. Low falls 
efficacy is more prevalent among frail community-dwelling 
older adults and has been linked to limitations in ADL.  
Gait disorders that arise from age-related changes in the 
locomotor control mechanisms for balance and stability are 
among the most prevalent risk factors for falls in elderly 
people [2]. Gait analysis in laboratory showed changes in the 
pattern of gait measured at the trunk level in frail elderly 
subjects [3] and community-dwelling older people concerned 
about fall. However, walking under laboratory-controlled 
conditions may not be representative of natural walking 
performance or may be insufficiently sensitive to adequately 
reflect patients’ decline in motor control or dynamic balance 
in daily life [4]. 
 
Therefore, this study aims to: i) identify gait variables 
associated with alteration in gait pattern during daily life 
activities in elderly persons with low falls efficacy; ii) 
determine which variables best discriminate among subjects 
with different levels of falls efficacy.  
 
 
METHODS 
Seventy subjects aged between 65 and 93 years old were 
enrolled in the study. We used a validated modified Falls 
Efficacy Scale (mFES) to evaluate subjects’ confidence to 
perform ten physical activities without falling [5]. Confidence 
to perform these daily activities was assessed on a four-point 
Likert scale ranging from 1 (very concerned) to 4 (not at all 
concerned). Total scores range from 10 to 40, where lower 
scores indicate more concern about falling. Based on the 

mFES, subjects were divided into two groups: High Concern 
group (HC) and Low Concern group (LC). Receiver-operating 
characteristic (ROC) curves were used to find the optimal cut-
off point in terms of sensitivity and specificity.  
Daily physical activity was monitored during two consecutive 
days with a light portable data logger (Physilog®, CH) 
including a 3D inertial sensor (accelerometers and gyroscopes) 
fixed on the trunk. The trunk kinematical signals were used to 
detect and characterize daily-life walking episodes.  Specific 
features of gait pattern were quantified based on dynamic 
balance features. Durations of walking episodes were used as 
indicative of endurance. 
Dynamic balance features were estimated for the longest 
continuous walking episode over the two days, as follows:  
- The unbiased autocorrelation function of the norm of trunk 
acceleration signal was computed as proposed by Moe-Nilssen 
et al. [2]. This procedure leads to regular peaks in the 
sequence of autocorrelation coefficients. The coefficients were 
normalized to 1.0 at zero lag. The closeness to 1.0 of the first 
peak of autocorrelation coefficients sequences (Ad1) 
expresses the regularity of the acceleration between 
consecutive steps. It can also be interpreted as the symmetry 
between left and right steps. The closeness to 1.0 of the second 
peak (Ad2) is an expression of regularity of consecutive 
strides [6]. 
- Spectral entropy (SpecEn) estimation was applied to the 
norm of trunk acceleration time series. SpecEn expresses the 
proportion of power in each frequency. A uniform distributed 
power spectrum has low SpecEn, while a noisy and randomly 
distributed power spectrum has higher SpecEn. This way 
SpecEn could be interpreted as an expression of the 
smoothness of trunk acceleration pattern during walking [7]. 
Walking endurance characteristics focused on the duration of 
gait episodes as follows [8]: 
- Maximum walking duration episode (MaxEp) 
- Number of walking episodes longer than 30s (Ep>30s)  
- Number of walking episodes longer than 60s (Ep>60s) 
The statistical difference in gait parameters between the two 
groups (HC and LC) was assessed with Wilcoxon 
nonparametric test. Spearman rank correlations (ρ) were 
computed between mFES and gait parameters. ROC curve 
analysis on dynamic balance and endurance features was also 
used to measure the sensitivity and specificity of these features 
in distinguishing subjects in LC and HC groups. 
 
 
RESULTS AND DISCUSSION 



Based on ROC curve, the optimal mFES score cut-off point to 
discriminate between the high concern group (HC) and low 
concern group (LC) was 38 (Sensitivity=0.86, 
Specificity=0.81).  
Table 1 shows the estimated gait parameters and the mFES 
scores in the HC and LC groups. Compared to subjects in the 
LC group, those in HC group had significant decreases in step 
symmetry (i.e., lower Ad1), stride regularity (i.e., lower Ad2) 
and gait smoothness (i.e., higher SpecEn). These results could 
suggest a decline in motor control and dynamic balance in HC 
group compared to LC group. 
Maximum walking duration (MaxEp), numbers of walking 
episodes longer than 30s and 60s (Ep>30s and Ep>60s, 
respectively) also decreased significantly in HC subjects.  
According to ROC curve analysis (Figure 1), the best 
differentiating parameters between HC and LC elderly were 
related to gait dynamic balance. Particularly, the reduced 
symmetry in trunk movement between left and right step (i.e. 
step regularity, Ad1) and reduced regularity between two 
consecutive strides (Ad2) had the best classification 
performance: the Area Under the Curve (AUC) was 0.9 for 
Ad1 and 0.84 for Ad2. AUC for SpecEn was only 0.75 while  
AUC for endurance parameters ranged from 0.79 to 0.83 for 
MaxEp, Ep>30s and Ep>60s. 
Parameters related to dynamic balance showed also significant 
correlations with mFES (Ad1, ρ=0.60, p<0.001, Ad2 ρ=0.47, 
p<0.01, SpecEn ρ=-0.36, p<0.05). Correlations between mFES 
and endurance features were also statistically significant 
(MaxEp, ρ=0.42, p<0.01, Ep>30s ρ=0.44, p<0.01, Ep>60s 
ρ=0.42, p<0.05). 
There was no statistically significant difference in height, 
weight or body mass index between the 2 groups while age 
was significantly older in HC group (82.1±7.5 vs 75.2±6.3 
years).  
 
 
CONCLUSIONS 
To our knowledge, this is one of the few studies quantifying 
the relationships between features of real-life gait patterns and 
falls efficacy. Low falls efficacy was associated with 
decreased daily walking activity, as measured by quantitative 
and objective parameters. Low falls efficacy was also 
associated with decline in dynamic balance as measured by 

step and stride regularity. This adds to previous observations 
that interventions targeting specifically falls efficacy could 
potentially improve balance as well as walking performance 
[4].  
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Figure 1: ROC curve for step symmetry (Ad1), stride 
regularity (Ad2) and smoothness (SpecEn) parameters 

 
 
REFERENCES 
1. Tinetti ME, et al., Journal of Gerontology, 45 (6): 239-

234, 1990. 
2. Yack HJ, et al., Journal of Gerontology, 48(5): 225-230, 

1993. 
3. Moe-Nilssen R, et al., Journal of Biomechanics, 37 (1): 

121-126, 2004. 
4. Rochat S, et al.,  Archives of Physical Medicine and 

Rehabilitation, 91(6): 879-884. 
5. Büla CJ, et al., Archives of Physical Medicine and 

Rehabilitation, 89(2): 291-296, 2008. 
6. Tura A, et al., Journal of NeuroEngineering and 

Rehabilitation, 7(1), 4, 2010. 
7. Kojima M, et al., Journal of Physical Therapy Science, 

20(4): 243-248, 2008. 
8. Jeannet PY, et al., Eur J Paediatr Neurol., 2010.  
 

 
Table 1: Mean ± SD values of multi-parametric assessment in the two groups  
 
Parameters 
Gait in Activities of Daily Living 

High Concern 
(HC, n=25) 

Low Concern 
(LC, n=45) 

p-value 

Symmetry Ad1 0.40 ± 0.36 0.75 ± 0.15 ***p 

Regularity Ad2 0.41 ± 0.16  0.67 ± 0.19 ***p 

Dynamic balance 

Smoothness SpecEn 0.55 ± 0.06 0.49 ± 0.06 **p 

Maximum walking duration, (s) MaxEp 78.62 ± 74.43 359.42 ± 357.59 **p 

Number of walking episodes longer than 30s Ep>30s 14.28 ± 10.15 16.24 ± 10.11 **p 

Endurance 

Number of walking episodes longer than 60s Ep>60s 0.88 ± 1.2 5.84 ± 4.99 **p 

Clinical Score Modified Falls Efficacy Scale – 10 items mFES 32.6 ± 4.01 39.51 ± 0.75 ***p 
**p<0.005, ***p<0.0005 


