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INTRODUCTION 

Poor postural stability is a known risk factor for falls in 

older adults [1]. Studies have used displacement and area 

of centre of pressure (COP) as a measure of postural 

stability in older adults [e.g: 2-4]. Medio-lateral (M-L) 

spontaneous postural sway has been identified as one of 

the strongest predictors of falls in older adults [3] and 

force plate measurements of spontaneous M-L sway 

present as a method of screening older adults for falls risk. 

The reliability of measures COP motion has been shown to 

be high in community dwelling older adults [5] for various 

stances and visual conditions. Postural stability is 

dependent on sensory feedback (visual, vestibular and 

somatosensory), motor function and central processing [2]. 

The occlusion visual feedback has been shown to have a 

negative effect on postural stability [2]. An increasing 

reliance on visual feedback in maintaining postural 

stability with age is suggested by an increased Romberg‟s 

quotient with age [6]. Romberg‟s quotient is the ratio of 

sway with eyes open to sway with eyes closed - it is a 

reflection of the “amount of postural stability provided by 

stationary visual surroundings” [6]. Self-selected 

functional base of support (BOS) is known to decrease 

with age and is also identified as a predictor of falling in 

older adults [7]. Research findings suggest that size of 

BOS has a greater importance in regulation of postural 

stability than visual feedback in older adults. For these 

reasons balance tests performed both with and without 

vision, and using both wide and narrow base supports, are 

typically included in balance assessments in older adults. 

 

In recent years it has become apparent that with ageing 

there is a change not just in the magnitude and frequency 

of COP motion, as measured by simple statistical measures 

such as the standard deviation (SD), but also in the 

complexity of the COP signal. This complexity has been 

quantified using measures such as the fractal dimension 

[8], the Detrended Fluctuation Analysis (DFA) [9] and 

entropy measures such as ApEn [10]. The intraclass 

correlation coefficients for these measures in older and 

younger adults have been shown to be reasonably high for 

within day (0.70 to 0.85) and between day (0.61 to 0.82) 

reliability [11].  While it has been shown that differences 

between old and young adults exist in such measures for 

COP data [e.g.: 12], less work has been done to investigate 

whether these measures can be used to sub-divide older 

adults according to falls risk. The aim of this study is 

therefore to compare simple statistical measures and 

measures of complexity for COP data in older adults at 

high and low risk of falling. 

 

METHODS 
The volunteer sample for this study were twenty healthy 

older adults with a mean (SD) age of 78 (SD) years, height 

of 1.608 (SD) m, and mass of 73.46 (SD) kg. All subjects 

were community-dwellers attending a UK National Health 

Service hospital-based Falls Clinic following one or more 

injurious falls.  The sample was separated into two groups 

of ten according to their risk of falling in line with the 

practice at the particular hospital.  The subjects were 

classified by a hospital doctor into a high risk group (HR) 

and a low risk group (LR) according to the results from 

their performance scores in five keys tests: Timed Up-and-

Go-Test (TUG-T); Romberg Test (RBT); hand grip 

dynamometry (HGD), timed sit-to-stand (TSTS) and Falls 

Efficacy Scale (FES-I).  The intervention was a 

community-based strength and balance training 

programme (CEP) or a hospital-based strength and balance 

training programme (HEP).  Exclusion criteria for referral 

to the exercise programme were: acute illness; 

deteriorating neurological condition, an MMSE score <24; 

behavioural risk; unassessed syncope; unstabilised 

tachycardia, hypertension, heart failure, pain or 

osteoporosis; require one to one physiotherapy treatment.  

All protocols had been approved by the approved by the 

Dyfed-Powys National Health Service and Aberystwyth 

University research ethics committees.  All subjects signed 

an informed consent document prior to participating in any 

testing protocols. 

 

The strength and balance training consisted of 90 minute-

long classes of either the HEP or CEP classes once a week 

for six weeks. Additional home exercises were prescribed 

individually to subjects. CEP classes comprised of up to 

twenty attendees while HEP classes had no more than six, 

but the strength and balance training undertaken in both 

classes was intended to be comparable.   

 

Subjects completed four types of standing balance trials in 

a gait laboratory before and after the six weeks of training. 

The four types of trial were conducted as follows: narrow 

base eyes open (NBEO); narrow base eyes closed 

(NBEC); wide base eyes open (WBEO); wide base eyes 

closed (WBEC). Each trial lasted 20 seconds and three 

trials of each type were conducted.  The ground reaction 

force data was collected using an AMTI force plate at a 

sample rate of 1,000 Hz. A 4th order Butterworth filter 

with a low pass cut off frequency of 40Hz was applied in 

both directions to give zero-phase distortion. Data were 

imported into MATLAB 2009b (The Mathworks Inc., 

MA, USA) to compute: path length of COP; COP mean 

velocity, the area of the 95% best fitting ellipse, the 

standard deviation of the COP in the medio-lateral (ML) 

and anterior-posterior (AP) directions, and the median 

frequency and fractal dimension of the COP data in the 

ML and AP directions. In addition, the time dependent 

structure of the COP data was analysed using Approximate 

Entropy (ApEn) [10 and a Detrended Fluctuation Analysis 
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(DFA) [9] was used to determine the fractal scaling index 

( ) of the COP data in the ML and AP directions. A 

surrogate analysis of the data determined that the ApEn 

and DFA results were due to signal properties and not 

measurement system noise.  Statistical comparisons 

between types of balance trial were performed using an 

ANOVA, and between subject groups were performed 

using independent t-tests in Minitab 15 (Mintab Inc., PA, 

USA). 

 

RESULTS AND DISCUSSION 

Initial results are presented here for five subjects. There 

was a significant difference in the standard deviation of the 

ML sway between tests performed with the eyes opened 

and the eyes closed (F=6.93, p=0.028), in agreement with 

the work of Maki et al. [3].  In addition, there was a 

significant difference in  in the AP direction for the 

different types of balance trial (F=6.25, p=0.034), such 

that  increased in the eyes closed tests. These results 

suggest that COP measures are sufficiently sensitive to 

distinguish between visual conditions and base of support 

size.  

 

CEP EO HEP EO CEP EC HEP EC
1.5

1.55

1.6

1.65

1.7

1.75

1.8

1.85

1.9

D
F

A
 A

lp
h

a
 V

a
lu

e

 
Figure 1: Results of DFA analysis for COP motion in ML 

direction for Community Exercise Programme (CEP) and 

Hospital Exercise Programme (HEP) participants for Eyes 

Open (EO) and Eyes Closed (EC) tests (mean ± SE). 

 

In terms of distinguishing between subject groups, there 

was a significant difference between high and low risk 

fallers (i.e. those attending the HEP and CEP respectively) 

in the SD of the AP motion (T=-268.04, p<0.001), and in 

the fractal dimension of the COP motion (T=-15.41), and 

the  of the COP motion in the ML direction approached 

significance (p=0.070), and post-hoc Tukey confidence 

intervals showed a significant difference for the Eyes 

Open tests (Figure 1).  In all cases, changes in the 

calculated variables were consistent with an increase in 

COP motion in fallers identified as high risk, and an 

increase in the  value, indicating a shift in the power 

spectrum towards more slowly repeating timescales. The 

next stage of the analysis will look at changes in these 

measure following six weeks of targeted strength and 

balance training. 

 

Taken together these early results suggest that it is possible 

to use COP measures to objectively differentiate between 

fallers identified using a clinical tool as high and low risk.  

It is also possible to differentiate between the type of 

balance task undertaken by both groups of older adults.  

This may be useful as a tool for early identification of falls 

risk by non-specialist clinicians.  Anecdotal evidence from 

the particular hospital involved in this study suggests that 

the „Five Key Tests‟ tool (Timed Up-and-Go; Romberg; 

hand grip; timed sit-to-stand; and FES-I score) was useful 

for the identification of specific deficits by specialist 

physical therapists and exercise professionals, however it 

was less successfully used by „doorkeeper‟ or triage 

clinicians involved in referrals to these specialists.  It may 

be at this earlier stage that simple objective tests using 

COP motion may be useful in directing specialist referrals. 

 

While the „Five Key Test‟ tool in this particular setting 

used to distinguish between high and low risk fallers has 

not been extensively validated, individual elements of the 

five tests (for example hand grip strength and timed up and 

go [13] have previously been used to distinguish between 

high and low risk fallers, and these cut off points informed 

development of the tool.  While the use of COP measures 

may not give information about specific functional deficits 

and may therefore not be useful in prescribing individual 

treatment plans, these measures may be useful as a rapid 

objective screening tool by non-specialists. 

 

CONCLUSIONS 
Early results indicate that it may be possible to identify 

high and low risk fallers from COP data using measures of 

complexity and fractal scaling information.  Follow up 

work will identify whether these COP measures can detect 

changes in functional ability measured by the elements 

within the Five Key Tests Tool following a six week 

targeted strength and balance training programme. 
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