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Abstract 
 
The aim of the present study was to determine whether force platform variables in single and dual 

task situations are able to predict the risk of multiple falls in a community-dwelling elderly 

population. Two hundred seventy elderly persons (225 female, 45 male; age, 73 ± 7 years) 

performed balance assessment with and without vision. Seven force platform variables were 

assessed to predict the risk of multiple falls; maximum displacement in the anteroposterior and 

medial–lateral directions (Max-AP, Max-ML), mean displacement in the medial–lateral direction 

(MML), the root mean square amplitude in anteroposterior and medial–lateral directions (RMS-AP, 

RMS-ML), the average speed of displacement (V), and the area of the 95th percentile ellipse (AoE).  

Falls were prospectively recorded during the following year. A total of 437 registered falls occurred 

during monitoring period. The force platform variable RMS-ML in the single-task condition (odds 

ratio, 21.8) predicts multiple falls together with the following covariables: history of multiple falls 

(odds ratio, 5.6), use of medications (fall risk medications or multiple medicine use; odds ratio, 2.3), 

and gender (odds ratio, 0.34). Multiple fallers assumed a different stance width than non-fallers.  

The force platform variable RMS-ML predicts fall risk in women with a history of multiple falls 

who take fall-risk medications or use multiple medicines. Multiple fallers position themselves with 

a narrower stance than non-fallers during measurement. 
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Introduction 

More than one-third of adults aged 65 years or older sustain at least one fall each year.1,2 Injuries 

resulting from falls are one of the leading causes of death among the elderly population.3 Many risk 

factors for falling in both community-dwelling and institutionalised elderly populations have been 

reported.4,5 The ability to maintain postural stability is one of the most relevant factors for fall 

prediction.6 One approach for assessing postural stability is to use quantitative posturography. The 

classic definition of postural stability by means of quantitative posturography is based on the 

position of the centre of mass and its displacement within the base of support (BOS). This 

displacement is expressed as a centre of pressure and is defined as the point of application of the 

ground reaction forces under the feet.7 

The ability to discriminate between elderly fallers and non-fallers with the help of force platform-

derived variables is inconclusive.8 One possible reason for these inconclusive results could be found 

in the testing situations, which generally do not mimic real-life circumstances that cause falls. In 

many test situations, the participants have ample opportunity to compensate for their deficits by 

shifting toward other control strategies, e.g., single task versus dual task testing. Therefore, 

measurement protocols should challenge the participant in more complex conditions to avoid the 

use of these compensatory strategies.9 In their review, Zijlstra and colleagues present two studies 

providing some evidence that measurements with a dual-task protocol could add value to the 

prediction of falls.10 

More studies are needed with a prospective design that record falls as the primary outcome. 

Additionally, specific subgroups should be investigated, e.g., elderly (75 years of age or older). All 

force platform variables with a capacity to predict the risk of multiple falls should be tested. 11 

Furthermore, these force plate variables should be tested in dual task situations to evaluate its 

sensitivity in predicting falls. The aim of the present study was to determine whether force platform 

variables are able to predict the risk of multiple falls under different testing situations in a 

community-dwelling elderly population.  
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Methods  

Participants 

This study was conducted at the University Hospital Zurich, Switzerland. Participants were 

recruited from the greater Zurich area. A local patient organisation distributed 2,000 envelopes 

containing an information letter concerning the study and an application form for participation in 

the study. These envelopes were made available to their members. An additional 500 envelopes 

were also displayed in the outpatient department of the hospital. A total of 315 elderly mailed in an 

application form, of which 303 met all inclusion criteria. To be included, participants needed to be 

aged 60 years or older. They were excluded if they were unable to understand the purpose of the 

study or if they had severe psychological problems or psychiatric problems. They were also 

excluded if they had chronic substance abuse or were undergoing therapy with neuroleptics, 

sedatives, antiepileptics, or antidepressants. All participants provided written informed consent. The 

study was approved and registered by the local ethical committee of Canton Zurich, Switzerland, 

under SPUK EK 649. 

 

Fall assessment 

A fall was defined as unintentionally coming to the ground or some lower level, excluding the 

consequence of sustaining a violent blow, loss of consciousness, or sudden onset of paralysis, such 

as during a stroke or epileptic seizure.12  Neither “coming to rest against a wall or other structure” 

nor “high-trauma falls (e.g., falling from a ladder) or falling as a consequence of sustaining a violent 

blow” were included as falls.13  Two groups were defined: multiple (two or more falls within the 

previous 12 months) and non-fallers (no or one fall). Falls were assessed both prospectively and 

retrospectively. After baseline measurements, the participants were asked to take a 1-year “fall 

calendar” home and were expected to document fall events monthly. After each month, a calendar 

page (with a stamped, preaddressed envelope) was sent to the investigators. These calendar pages 

contained questions about falls experienced in the previous month, injuries caused by a fall, and 
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medical assistance needed as a result of a fall. A serious fall-related injury included any fracture(s), 

dislocation(s), joint injuries other than dislocations (e.g., serious sprains or nonspecified joint 

injury), head injuries resulting from loss of consciousness, and/or other internal injuries resulting in 

hospitalisation.13,14 Each calendar page included the definition of a fall. Participants who did not 

return the calendar page were contacted by telephone. Retrospective falls were assessed during the 

initial interview. Participants were asked how many times they had fallen in the previous 12 

months. 

 

Additional measures on possible confounders 

The participants were interviewed about medical conditions such as dizziness, low blood pressure, 

visual impairments, muscle weakness, osteoporosis, foot problems, as well as daily alcohol 

consumption (two or more beverages per day). Furthermore, the use of drugs like benzodiazepines, 

psychotropics, class 1a antiarrhythmic medications, digoxin, diuretics, and sedatives and/or the use 

of more than four different medications (multiple medicine use) were noted. Participants were also 

asked whether they felt unsafe while standing and/or walking and about their fear of falling. 

Participants who obtained groceries by foot or participated in any other sports or physical activity 

were not scored as being sedentary in behaviour. These variables were dichotomised as 0 (absent) 

or 1 (present). All participants were white. Table 1 shows all factors and allocations.  

 

Posturography 

An AMTI Accusway system (Advanced Mechanical Technology, Inc., Watertown, MA), consisting 

of a portable force platform and SWAYWIN software for data acquisition and analysis, was used 

for data collection. This system measures ground-reacting force and moments in three orthogonal 

directions (50-Hz sampling frequency). These measurements provide the centre-of-pressure 

coordinates, which enable the calculation of the maximum displacement in the anteroposterior and 
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medial–lateral directions (Max-AP, Max-ML), mean displacement in the medial–lateral direction 

(MML), the root mean square amplitude in anteroposterior and medial–lateral directions (RMS-AP , 

RMS-ML), the average speed of displacement (V), and the area of the 95th percentile ellipse (AoE) 

with good reliability.15 Ten subjects per variable were used to set the sample size.16 

 

Table 1.  
Association Between Fall Risk Factors and Fall Categories 

 

 
Fall Risk Factors  
(% = within-group percentages) 

All 
 

(n = 270; 100%)  

Non-fallers  
 

(n = 185; 100%) 

Multiple fallers 
 

   (n = 85; 100%)  

Female gender  225 (83%) 147 (80%) 78 (92%) 

History of falls (retrospective)  
 More than two falls  

 
35 (13%) 

 
12 (7%) 

 
23 (27%) 

Drugs 
 Risk factor medications or   more 
than four medications  (multiple 
medicine use) 

 
 

129 (48%) 

 
 

75 (41%) 

 
 

54 (64%) 

Medical conditions  
 Dizziness  
 Low blood pressure  
 Daily alcohol consumption  

 
78 (29%) 
43 (16%) 
 58 (21%) 

 
 46 (25%) 
 32 (17%) 
31 (17%) 

 
32 (38%) 
11 (13%) 
27 (32%) 

Sedentary behavior 
 Less active  
 Muscle weakness  

 
22 (8%) 
8 (3%) 

 
 14 (8%) 
3 (2%) 

 
8 (9%) 
5 (6%) 

Psychologic status 
 Fear of falling  
 Feeling unsafe standing  
 Feeling unsafe walking  

 
60 (22%) 
34 (13%) 
89 (33%) 

 
36 (19%) 
18 (10%) 
 52 (28%) 

 
24 (28%) 
16 (19%) 
37 (44%) 

 
Visual impairments 

 
10 (4%) 

 
5 (3%) 

 
5 (6%)  

 
Nutritional deficiencies 
 Low body mass index less than   18.5 
kg/m2   
Osteoporosis  

 
11 (4%) 

 
 

76 (28%) 

 
4 (2%) 

 
 

48 (26%) 

 
7 (8%) 

 
 

28 (33%) 
 
Foot pain  

 
74 (27%) 

 
51 (28%) 

 
23 (27%) 

 
 

Measurement protocol 

A measurement session lasted approximately 30 minutes per individual. The measurements were 

performed under two task conditions: standing still in a preferred comfortable position (without 

performing a secondary cognitive task simultaneously) and standing still combined with 
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simultaneously counting backwards in steps of seven.17 Counting backwards was used as a 

secondary task because postural stability in the elderly degrades as a result of performing this task.17 

If the counting backwards in steps of seven proved to be too difficult, steps of three or one were 

used instead. The starting number was selected at random from a series of numbers ranging from 80 

to 199. The counting was controlled for accuracy, and every mistake was noted. No feedback on 

performance was given during the testing. Evaluation of performance during the cognitive task 

included the difficulty (seven, three, or ones) of the subtraction units combined with the number of 

mistakes made during calculation. Before the measurement started, the cognitive task was 

performed while seated. For the primary task, which was performed while standing still, the 

participants were instructed to take a comfortable standing position on the force platform with their 

arms by their sides and eyes open while looking straight ahead. Each task consisted of four trials. 

The average of the four trials was taken as the test result to obtain a reliable measure.15 Each 

separate trial lasted 20 seconds and was followed by a break of 20 seconds.15 Participants were 

permitted to sit for 2 minutes between each task. Both tasks were measured with and without vision. 

The tasks (single and dual both with and without vision) were performed in random order to control 

for fatigue and learning effects. Subjects were free to choose their preferred foot positions for the 

first measurement. Because a change in the BOS substantially affects postural control,18 the outlines 

of both feet were marked with tape to obtain standardised foot positions for each measurement. The 

marked outlines of foot positions were used to measure stance width (maximal BOS width) and hip 

width, measured at the major trochanter femoris with an anthropometric caliper (Lafayette 

Instrument Company, Lafayette, IN). 

 

Vision 

The two tasks were tested under: (1) normal vision; the participants were instructed to fixate on a 

gray cross (1 m  0.5 m) in the middle of a screen (1.5 m  1.5 m) positioned 2 m in front of the 

forceplate. The height of the gray cross was 1.5 m. Participants were allowed to use their own 
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glasses; and (2) vision was occluded with a pair of custom-made opaque goggles that prevented the 

subject from perceiving visual information without blocking light in general. The participants were 

instructed to keep their eyes open inside the goggles. 

 

Age subgroups 

The probability for falls increases after the age of 75 years, and these falls result in an increased 

number of injuries. Falls account for 70% of all accidental deaths after the age of 75 years.19 

Therefore, we conducted separate analyses of the 60-74 years and 75-90 years age groups. 

 

Statistical analysis 

Descriptive statistics were used to describe the characteristics of the participants. The one-sample 

Kolmogorov-Smirnov test was used to check the normality of the distributions. In the case of 

abnormal distribution, a nonparametric test was chosen to test the differences between multiple 

fallers and non-fallers. A backward logistic regression for the prediction of multiple fallers was 

applied to describe the relationship between the dependent variable (multiple fallers or non-faller) 

and a set of independent variables (force platform variables and co-variables). The dichotomous 

dependent variable was coded as 1 = multiple fallers (more than one fall) or 0 = non-faller (one or 

no fall). All force platform variables and co-variables were checked for correlation before they were 

entered into the model. Correlating variables (r ≥ 0.5) were not placed in the logistic regression 

model to prevent interaction confounding the analysis. The entry probability for analysis was set at 

 = 0.05. The analyses for the whole group and the subsequent subgroups (ages 60–74 and ages 75–

90 years) were similar. The data were entered, stored, and analysed in SPSS 15.0 statistical software 

(SPSS, Inc., Chicago, IL). 
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Results 

Participants 

The baseline measurements were completed for 303 participants. A total of 270 elderly subjects 

finished the study by sending in all 12 monthly calendar pages. Baseline population characteristics 

are summarised in Table 2. The dropout rate was 11%; 25 participants did not even begin the 

calendar, 6 were not willing to participate after sending in only a few monthly calendar pages, and 2 

participants died during follow up. The mean age was 73.7 ± 7 years. In the 60 to 74 years subgroup 

(n= 146; age=68.2 ± 4 years), there were 42 multiple fallers (29%). In the 75 to 90 year subgroup 

(n= 124; age=80.0 ± 7 years), there were 43 multiple fallers (35%). Table 3 shows the hip width and 

BOS width of two age subgroups divided into non-fallers and multiple fallers.  

 

Fall frequency and injuries 

The one year prospective monitoring period showed a total of 85 (31%) multiple fallers and 185 

(68%) non-fallers (52 one-time fallers and 133 did not fall). Overall, 437 falls were recorded, of 

which 158 (36%) resulted in a fall-related injury. In 36 (8%) cases, the participants sought medical 

attention. Of all falls, 20 (4%) resulted in a severe injury, while 15 (3.4%) led to a fracture, and 5 

led to serious sprains. The 15 fractures consisted of 4 hip fractures, 3 radius fractures, 3 coccygeal 

fractures, 2 proximal humerus fractures, 2 rib fractures, and 1 facial fracture. Two spontaneous 

lumbar fractures that were not fall-related were also reported.  

 

Differences between multiple fallers and non-fallers  

Due to abnormal distribution of the force platform results, a nonparametric test (Mann-Whitney U 

test) was performed to compare the balance measures between multiple fallers and non-fallers. 

Max-AP, RMS-AP, and AoE showed significant differences in single- and dual-task conditions and 

both visual situations. Both RMS-ML and V showed no difference in dual-task conditions. Max-

ML showed no difference in dual-task conditions with vision. MML showed no difference in task 
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conditions or visual situations. Because all z-scores were negative, the sum of the ranks of the non-

fallers must be smaller than the sum of the ranks of multiple fallers.  

 

Table 2.  
Participants’ characteristics 

 Prospective 
All 

Prospective 
Non-fallers 

Prospective 
Multiple fallers 

 
P value 

 
 (n = 270) (n = 185) (n = 85)  
Female 

Male 

225 

45 

147 

38 

78 

7 

 

Age; years (SD)  

 Range 

73.7 (7) 

60-90 

73.2 (7) 

60-90 

74.8 (7) 

60-88 

0.090 

Weight (kg) (SD) 

 Range 

66.3 (12) 

30-103 

67.4 (11) 

45-103 

64.1 (13) 

30-100 

0.041* 

Height (cm) (SD) 

 Range 

163.5 (8) 

137-190 

164.6 (8) 

148-190 

161.2 (7) 

137-183 

0.001* 

Body mass index (kg/m2) 

(SD) 

24.8 (4) 24.9 (4) 24.5 (5) 0.486 

Counting by Sevens 

Counting by Threes 

Counting by Ones 

251 

16 

3 

171 

12 

2 

80 

4 

1 

 

0.657 

*P < 0.05; significant difference. SD, standard deviation. 
 
 
Table  3.  
Hip width and BOS width differences 

* P < 0.05 significant difference between age subgroups and non-fallers/multiple fallers. SD, standard 
deviation; BOS, base of support. 

 Subgroup 60–74 Years Subgroup 75–90 Years 
 

 
 

All 
 

 
Non-
faller 

 
Multiple

faller 

 
P 

 
All 

 

 
Non-
faller 

 
Multiple 

faller 

 
P 

 
P 

Subgroups 
 

 (n = 146) (n = 104) (n = 42)  (n = 124) (n = 81) (n = 43)   

 
Hip width; cm 
(SD) 
 
BOS width ;cm 
(SD) 
 
Ratio hip/BOS  
 

 
34.6 (3) 

 
 

30.0 (4) 
 
 

1.17 

 
34.7 (4) 

 
 

30.4 (5) 
 
 

1.16 

 
34.5 (3) 

 
 

28.9 (4) 
 
 

1.12 

 
0.863 

 
 

0.050*
 
 

0.046*

 
34.3 (3) 

 
 

31.4 (4) 
 
 

1.11 

 
34.3 (3) 

 
 

31.7 (4) 
 
 

1.11 

 
34.3 (3) 

 
 

30.9 (4) 
 
 

1.13 

 
0.977 

 
 

0.386 
 
 

0.488 

 
0.471 

 
 

0.005* 
 
 

0.002* 
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Predictors of multiple falling 

Six force plate variables did not correlate with each other (RMS-ML in single-task condition; RMS-

AP, V, and MML in dual-task condition; and RMS-AP in the no-vision situation and single-task 

condition) and thus fulfilled the requirements to be entered in the regression model. These six force 

plate variables were entered into the logistic regression model together with nineteen covariables. 

The result of this logistic regression model was the force plate variable RMS-ML in single-task 

condition together with three covariables. These remaining variables were fitted in the final logistic 

regression model. The results of the final logistic regression model was the variable RMS-ML in the 

single-task test condition together with the following three covariables: history of multiple falls, use 

of drugs (fall-risk medications or multiple medicine use), and gender. No structure could be seen by 

carrying out a residual analysis. The average in-sample misclassification rate was 24% (sensitivity 

= 38%, specificity = 92%). 

 

Predictors of the multiple falling subgroup aged 60 to 75 years  

After testing for correlations, five force platform variables were not related to each other (RMS-ML 

and MML in the single-task condition; RMS-AP and RMS-ML in the dual-task condition; and V in 

the no-vision situation and single-task condition). These five force platform variables and nineteen 

covariables were entered into the logistic regression model. The RMS-ML in the single-task 

condition and the three covariables (history of multiple falls, muscle weakness, and low blood 

pressure) were significant and fitted in the final model. The final logistic model resulted in two 

significant covariables: history of multiple falls and experiencing muscle weakness. The average in-

sample misclassification rate was 26% (sensitivity = 29%, specificity = 92%). 

 

Predictors of the multiple falling subgroup aged 75 to 90 years  

After testing for correlations, six force platform variables were not related to each other (RMS-ML, 

MML, and V in the single-task condition; RMS-AP in the no-vision situation; and RMS-AP and 
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SDML in the dual-task condition). These six force platform variables and nineteen covariables were 

entered into the logistic regression model. The RMS-ML in the single-task condition and three 

covariables (history of multiple falls, use of drugs, and gender) were significant and fitted in the 

final model. The final logistic model resulted in significant RMS-ML in the single-task condition 

with the covariables history of multiple falls, use of drugs, and gender. The average in-sample 

misclassification rate was 25% (sensitivity = 49%, specificity = 89%). Table 4 presents all risk 

models for the prediction of multiple fallers resulting from backward logistic regression analysis.  

 
Table 4.  
Risk Model for the Prediction of Multiple Falls (two or more falls) versus Non-fallers (zero or one 
fall)  

B, regression coefficient; RMS-ML, root mean square amplitude in medial–lateral direction in the single-task 
condition; drugs, fall risk medications or more than four medications. 

 
All Elderly Aged 60 to 90 Years (n = 270) 
 

95% Confidence Interval for 
Odds Ratio 

Predictors B Standard 
Error 

Significance Odds 
Ratio 

Lower Upper 
RMS-ML 3.083 0.981 0.002 21.823 3.191 149.258 
Falls (two or more 
falls) in the 
previous year 

1.722 0.405 < 0.001 5.594 2.530 12.367 

Drugs 0.816 0.292 0.005 2.261 1.276 4.007 
Gender  –1.079 0.474 0.023 0.340 0.134 0.860 
 
Subgroup of elderly aged 60 to 74 years (n = 146) 

 
Falls (two or more 
falls) in previous 
year 

1.212 0.564 0.032 3.361 1.113 10.146 

Feeling week 
muscles 

2.478 1.130 0.028 11.916 1.302 109.098 

 
Subgroup of elderly aged 75 to 90 years (n = 124) 

 
RMS-ML 3.597 1.455 0.013 36.501 2.108 632.072 
Falls (two or more 
falls) in the 
previous year 

2.331 0.630 < 0.001 10.288 2.992 35.374 

Drugs 1.277 0.504 0.011 3.585 1.334 9.631 
Gender  –1.621 0.741 0.029 0.198 0.046 0.845 
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Discussion 

The aim of this study was to determine the ability of multiple-falls risk prediction in a community-

dwelling elderly population with force plate derived variables. Our results partially supported a 

review that concluded that platform measurements have some relevance for predicting future falls 

and recurrent fallers.11 We were able to show that the root mean square amplitude variable in 

medial–lateral direction in the single-task test condition in particular has predictive value in women 

with a history of multiple falls who take either fall-risk medications or multiple medications.  

 

Two studies indicated support for the argument that dual-balance tasks could have added value for 

fall prediction.10 Testing the clinical value of the dual-tasking paradigm for identifying future 

fallers was, therefore, a second important objective of this study. Although a significant difference 

was found between multiple fallers and non-fallers in dual-task conditions; however, the dual-task 

concept did not provide any extra value to our fall prediction model in our community dwelling 

sample (Table 4).  

There is some indication that force platform variables could help to identify future fallers in a study 

of people with Parkinson’s disease.10 This finding could indicate that force platform variables tested 

under dual tasking could have a predictive value for falls in a clinically identified risk group. The 

participants of this study were not preselected based on being multiple fallers nor were they 

otherwise known as being at risk. 

 

The medial–lateral stabilisation also appeared to be challenged with regard to the stance width. A 

larger stance width implies an increased passive stability as a result of the coupling between the 

hips and ankles, as well as an increase in the proprioceptive sensitivity to lateral motion.20 Although 

the stance width increases with age in our study, a finding that could be expected,21 a remarkable 

difference was observed between multiple fallers and non-fallers. The preferred stance width and 

the ratio between the stance width and the anatomical width of the hip (stance width divided by hip 
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width) showed a significant difference between multiple fallers and non-fallers in the 60 to 75 years 

old subgroup. Multiple fallers took a narrower stance width position compared to non-fallers (Table 

3). Based on this finding, we hypothesise that the functional evaluation of postural sway for clinical 

purposes could possibly be improved when the spurious effects of body properties and foot position 

on postural performance are normalised, as previously suggested.22  

 

There were some limitations to our study, such as the use of interviews for fall risk factors, which 

can result in recall bias when participants are asked to remember past events. Also, clinically 

identified fall risk groups were not indicated. There was no distinction made between fall events 

that happened inside or outside the subjects’ homes. From recent reports we know that the location 

of the fall could be an important confounder in studies investigating predictors of falls in the 

elderly. 11 

 

Conclusion 

The force plate derived root mean square amplitude variable in medial–lateral directions is able to 

predict falls in the group of women with a history of multiple falls who take fall-risk medications or 

use more than four different medications. Multiple fallers of the subgroup aged 60 to 75 years 

position themselves with a narrower stance width than non-fallers during measurement. 
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