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sure and ground reaction force data. Self-reported function 
was examined using Late-Life Function and Disability Instru-
ment; Berg Balance Test was also performed.  Results:  Exer-
cisers had significantly faster voluntary step times in single-
task condition (959 vs. 1,158 ms) but not during dual-task 
condition (1,170 vs. 1,303 ms). Exercisers had a significantly 
higher Berg Balance Test (53.7 8 3.6 vs. 49.8 8 5.3), con-
sumed less medication (3.3 8 2.3 vs. 5.6 8 2.9), and their 
lower extremity function scores were higher (88.61 8 2.3 vs. 
73.1 8 2.7) than those of inactive subjects.  Conclusion:  Ex-
ercising regularly protects from physical functioning loss in 
older persons and against a decrease in voluntary step exe-
cution times during single-task but not during dual-task 
conditions. Lack of specificity (dual-task exercises) during 
the training may be the cause of insignificant differences in 
dual-task stepping performance. Thus, adding dual-task 
training may improve dual-task performance in the elderly. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 There are well-documented studies that show exercise 
is beneficial to people with heart disease  [1]  and that it 
reduces the risk of diabetes  [2] , stroke  [3] , hypertension 
 [4] , and osteoporosis  [5] , and increases muscle power  [6] , 
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 Abstract 

  Background:  Stepping response may be considered the 
most important postural reaction to prevent a fall because it 
is the inability to respond effectively to a loss of balance that 
ultimately determines whether a fall occurs. However, very 
little has been studied on the effect of exercising on step 
execution behavior in the elderly.  Objectives:  To explore 
whether older persons who exercise regularly have faster 
voluntary stepping times than sedentary elderly persons. 
Additionally, we investigated the association between step 
execution behavior, self-reported physical function, and bal-
ance performance.  Methods:  Case-control study of 48 elder-
ly adults aged 65–91 years who live independently in retire-
ment homes. Participants were classified as 24 exercisers 
(reporting  1 2 exercise training activities/week) and 24 age- 
and gender-matched inactive elderly individuals (who do 
not exercise regularly). The Voluntary Step Execution Test 
was performed as a reaction time task while standing on a 
force platform under single-task and dual-task conditions. 
Step initiation phase, foot off time, foot contact time, prepa-
ratory, and swing phases were extracted from center of pres-
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reduces frailty  [7] , and improves balance control  [8]  in the 
elderly. Research studies investigating exercise as a means 
of falls prevention in older adults have shown controver-
sial results. Several studies show that exercise prevents 
falls  [9–11] , and others studies have shown no reduction 
 [12–13] . This might be because of flaws in many balance 
training studies conducted to date. Even well-respected 
studies on balance training in the elderly population ap-
pear to have either ignored or misunderstood the impor-
tance of basic principles of physical training and exercise 
physiology, especially with respect to the concept of spec-
ificity. It is well-known that quick execution of a step is 
the most important protective postural strategy to avoid 
falling that can arise from large perturbations (e.g. slips, 
trips, and collisions), or from volitional movement (e.g. 
self-induced perturbation such as turning, bending, 
reaching)  [14–15] . However, most training programs do 
not include step training and very little has been studied 
on the effect of exercising on step execution behavior in 
the elderly.

  Melzer and Oddsson  [14]  found a significant increase 
in voluntary step reaction times in single and dramatic 
increase during dual-task condition (adding cognitive 
load) in older adults compared with younger ones, sug-
gesting that elderly persons lacked the neural processing 
resources required for swift multitasking during a volun-
tary postural task. Thus, it is believed that some falls re-
sult from the inability to recover from a fall during an 
additional attention-demanding task during activities of 
daily living. A recent study by Melzer et al.  [16]  found that 
voluntary step execution was statistically significantly 
different between elderly nonfallers and fallers during 
dual-task conditions, participants with dual-task volun-
tary step execution times  6 1,100 ms had 5 times the risk 
of falling than participants with execution times  ! 1,100 
ms. Luchies et al.  [17]  showed reduced volitional step 
length in older adults compared to young adults, and Me-
dell and Alexander  [18]  showed impaired step length in 
subjects with a history of falls. With respect to compensa-
tory stepping responses, there was an increased frequen-
cy of collisions between the swing foot and stance leg dur-
ing lateral perturbations  [19] , increased frequency of 
multiple-step responses  [17–20] , and an additional lateral 
second step following forward or backward compensa-
tory step  [20] . All the above results suggest that delayed 
stepping reactions, whether they were compensatory or 
voluntary in nature, may be a factor contributing to the 
large number of falls seen in elderly persons.

  Thus, improved ability to step quickly under single- 
and dual-task conditions determines whether a fall oc-

curs in elderly persons. Consequently, examination of 
whether exercising regularly improves/preserves the 
speed of stepping in elderly individuals is essential if we 
are to positively impact the health of the fastest growing 
population segment today.

  The present study aimed to explore whether older per-
sons who adopt an active lifestyle have faster voluntary 
stepping times than sedentary elderly persons. To date, 
only a few studies have examined the effects of exercising 
on step reaction times under single-task conditions  [21] , 
and others have suggested including step training during 
dual-task conditions  [22, 23]  in the elderly. An additional 
aim was to investigate the association between step exe-
cution behavior and self-reported physical function and 
balance performance in older persons. Based on previous 
work  [24] , we hypothesized that the voluntary step in sin-
gle- and dual-task conditions would be faster and both 
would be related to the self-reported measure of function 
in exercisers.

  Methods 

 Subjects 
 Forty-eight healthy subjects over 65 years old (age range 65–91 

years) in protected retirement homes (‘Omer’s Gardens’, Omer 
and Mediterranean Towers-Mishkenot Clal, Nordiya) were re-
cruited to participate; 24 subjects were exercisers (i.e. exercised 
regularly) and 24 age- and gender-matched sedentary controls 
who did not exercise regularly. All the subjects were independent 
in daily living activities and no walking aids were required. Sub-
jects completed medical histories, exercise histories, and infor-
mation on lifestyles by questionnaire and physical examination 
before participation in the study to ensure they were free from 
exclusion criteria. The exclusion criteria were: (a) serious visual 
impairment, (b) inability to ambulate independently (cane/walk-
er not acceptable), (c) score less than 24 on the Mini-Mental State 
Examination, (d) symptomatic cardiovascular disease, (e) neuro-
logical and orthopedic disorders, (f) peripheral neuropathy of the 
lower extremities, and (g) severe arthritis. After eligibility was 
determined and prior to their participation, subjects signed an 
informed consent form approved by the Institutional Review 
Board, Helsinki Ethics Committee of the Soroka University Med-
ical Center, Beer-Sheva, Israel.

  A sample size requirement of 48 was estimated to detect an ef-
fect size of 0.8, powered at 80%, and alpha of 5% was chosen for a 
clinically meaningful estimate. The estimation was performed 
two-sided. A paper published by Melzer et al.  [16]  found that step 
execution (foot contact times) during the execution of a cognitive 
task were 1,414  8  417 ms for elderly fallers. Foot contact times of 
all 11 elderly fallers in this study were 1,050 ms or higher. Thus, it 
was estimated that at least 22 subjects are required to detect a sig-
nificant change in foot contact from 1,414 to 1,050 ms.
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  Exercise Programs 
 A convenient sample of 24 subjects was recruited in their pro-

tected retirement homes; they were elderly individuals who self-
reported exercising regularly 3 times a week. The exercise includ-
ed Tai Chi training once a week, Feldenkreis training and walking 
training session that contains aerobic exercises. The exercisers 
had participated in approximately 45-min exercise sessions, 3 
times a week, for the last 3 years. The training programs were di-
vided into five sections: a 5-min warm-up period, a 5-min stretch-
ing period, a 30-min training period (Tai Chi or Feldenkreis or 
Balance, aerobic and strength training), and a 5-min relaxation 
(cool down) period. The exercises were undertaken as group ac-
tivities, with a major emphasis on social interaction and enjoy-
ment.

  Outcome Measures 
 Functional Balance Measurement 
 Elderly persons enrolled in the study also underwent the Berg 

Balance test (BBS) with a test-retest reliability correlation coeffi-
cient of 0.98  [25] . During the BBS, the participant was scored on 
14 tasks graded on a 0–4 scale (maximum 56) to evaluate balance 
under different conditions; higher score indicates higher levels of 
balance function.

  Voluntary Step Execution Test  
 Subjects were instructed to stand upright and barefoot on a 

force platform and to step as quickly as possible following a tap 
cue on the heel provided manually by the experimenter. Step ex-
ecution trials were roughly 60 cm long into a square that was 
drawn on the floor out of the force plate ( fig. 1 a). The Voluntary 
Step Execution Test was always performed with the dominant leg 
as chosen by the subject. After short training period, a total of 9 
trials were conducted for each of the two test conditions (e.g. sin-
gle- and dual-task conditions), forward, sideways, and backward 

(three trials in each direction) for a total of 18 step trials. For the 
single task, subjects viewed an ‘X’ displayed on a screen 3 m in 
front of them. During the dual task, they were viewing the same 
screen while performing a modified Stroop task and awaiting the 
somatosensory cue. The modified-Stroop task was projected at 
eye level onto a wall 3 m in front of the subject. The task consisted 
of reading colors from a printout showing 25 colored words, rep-
resenting names of colors that were different from the printed ink. 
For example, the word yellow was printed in red ink. The subjects 
were asked to step as quickly as possible from the force plate while 
concurrently reading out loud the color of the ink as quickly as 
possible until the end of the procedure. They were instructed not 
to stop reading while stepping, and did not receive any feedback 
concerning their performance in the two tasks. The modified 
Stroop test  [26]  was used because the test requires considerable 
focused attention and few instructions to perform. Subjects were 
allowed a brief learning period in a sitting position prior to start 
of the experiment. Subjects were instructed to stand evenly on 
both feet and to step as quickly as possible following a tap cue on 
the heel of the preferred stepping foot provided manually by the 
experimenter ( fig. 1 a). The center of pressure (COP) and ground 
reaction force data during trials were collected with a Kistler 9287 
force platform (Kistler Instrument Corp., Winterthur, Switzer-
land) and sampled at a frequency of 100 Hz.

  Force platform data were analyzed using a code written in Mat-
lab (Math Works Inc., Cambridge, Mass., USA) to extract five dif-
ferent temporal parameters: step initiation, preparation and swing 
phases, foot off time and foot contact time ( fig. 1 b). The tap cue (C) 
was detected as a spike ( 1 3 standard deviations from the average 
baseline noise) in the ground reaction forces in the anteroposte-
rior direction. Step initiation was defined at the first mediolateral 
deviation of COP (COPx) towards the swing leg ( 1 4 mm from the 
average baseline sway prior to tap). Foot off was defined by a sud-
den change in the slope of COP towards the stance foot in the me-
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  Fig. 1.   a  Photo of the experimental set up. Subjects were instruct-
ed to step as quickly as possible following a tap cue on the heel 
provided manually by the experimenter. After a short training 
period, subjects were instructed to step into a square that was 
drawn on the floor outside the force plate.  b  An example of step 

execution data. Fy = Ground reaction forces (shear forces) in an-
teroposterior direction; Fz = vertical ground reaction forces. The 
following events are marked with X; tap cue (C); initial deviation 
of COPx (A); foot off (FO); foot contact (FC). Note that the tap cue 
is detectable in any of the signals. See text for further details. 
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diolateral direction (COPx). Foot contact was defined as the onset 
of unloading in the vertical ground reaction forces when the sub-
ject stood with the swinging leg out of the force platform. The step 
initiation phase was calculated as the time from tap onset to step 
initiation. The preparation phase was defined as the time from 
step initiation to foot off, and swing phase was calculated as the 
time from foot off to foot contact. Foot contact time (the stepping 
time) was calculated as the time from tap cue to foot contact  [14, 
16, 24] . An average of each of the five temporal parameters event 
across 9 trials during two different conditions: single task and dual 
task was used to represent each subject.

  Self-Reported Measure of Function 
 The Late-Life Function and Disability Index (LLFDI) tests 

were administered  [27] . The LLFDI is a scale specifically designed 
to be sensitive to differences in physical function and disability. 
The English version of LLFDI showed intraclass correlation coef-
ficients of 0.91–0.98 for the function component  [27] . Similarly, 
the Hebrew version  [28]  showed test-retest ICCs ranged from good 
to excellent (0.77–0.90) for the functional component. The func-
tion component evaluates self-reported difficulty in performing 
32 physical activities in three dimensions: upper extremity, basic 
lower extremity, and advanced lower extremity. Subscales are each 
scored on a 0–100 scale, with higher scores indicating higher levels 
of functioning. LLFDI Overall Function scores were moderately 
associated with BBS and TUG (r = 0.48, p  !  0.001)  [28] .

  Data and Statistical Analyses 
 The analysis of step execution data extracted specific temporal 

events using a program written in MatLab (Math Works). The de-
pendent variables included the average step execution times in sin-
gle- and dual-task conditions: (a) time to step initiation; (b) time to 
foot off; (c) time to foot contact; (d) preparatory phase; (e) swing 
phase. For each parameter, the mean dependent variables (step re-
action times) were calculated with SPSS (Chicago, Ill., USA).

  Descriptive statistics consisted of group means and distribu-
tions for each of the measurements. Differences in means between 
elderly persons who exercised and those who did not were ana-
lyzed using a two-way analysis of variance that included group 
(exercisers – sedentary elderly) as the between-subjects factor 
with repeated measures on the within-subjects factors of task 
(single-dual). In the case the variables were not normally distrib-
uted (Shapiro-Wilk statistics), the nonparametric Wilcoxon 
signed rank test and Mann-Whitney U tests were performed.

  Student’s t test for independent measures was used to evaluate 
the differences between exercisers and sedentary elderly in the 
BBS and overall function, basic upper and lower extremity func-
tion, and advanced lower extremity function scores in LLFDI. 
Pearson correlation was used to find associations between all five 
step parameters, in single- and dual-task condition BBS, and
LLFDI scores. A significance level of 0.05 was used.

  Results 

 There were no significant differences in age, gender, 
weight, and Mini-Mental Test scores between exercisers 
and sedentary controls ( table 1 ); however, there were sig-

nificant differences in BBS (53.7 8 3.6 vs. 49.8 8 5.3), 
number of medications taken (3.3 8 2.3 vs. 5.6 8 2.9) 
and number of diseases (1.7 8 1.4 vs. 2.6 8 1.6). Subjects 
from both groups suffered from diseases such as hyper-
tension, diabetes mellitus, osteoporosis, OA in the lower 
limb joints. No subject reported acute inflammatory con-
dition or pulmonary diseases (e.g. COPD or emphysema) 
which also may affect performance.

  Voluntary Step Execution Test 
 There were statistically significant differences be-

tween exercisers and sedentary older adults across all step 
execution parameters during the single-task condition 
( fig. 2 a). The average step initiation times during the sin-
gle-task condition were 207 ms for exercisers and 251 ms 
for sedentary (p = 0.03). Statistically significant differ-
ences were observed in foot off and foot contact times 
between exercisers and sedentary (625 vs. 759 ms, p = 
0.002, and 959 vs. 1,158 ms, p = 0.002, respectively). The 
preparatory phase and swing phase durations under sin-
gle-task condition were also significantly different be-
tween groups (417 vs. 507 ms, p = 0.002, and 334 vs. 399 
ms, p = 0.01, respectively).

  Adding cognitive load to the Voluntary Step Execu-
tion Test (the dual-task condition) revealed no statisti-
cally significant differences between groups, apart from 
the preparatory phase duration that was approximately 

Table 1. Comparison of 24 elderly persons who self-reported ex-
ercising regularly vs. 24 age- and gender-matched subjects that 
did not exercise regularly (mean 8 SD)

Characteristic Exercisers Non-
exercisers

p
value

Age, years 78.186.19 78.985.11 0.625
Mini-Mental Test score 28.681.1 28.681.0 0.96
Medications/day 3.382.3 5.682.9 0.003
Diseases 1.781.4 2.681.6 0.05
Weight, kg 64.9810.7 64.8813.3 0.99
Berg Balance Score 53.783.6 49.885.3 0.05
LLFDI functional component

Overall function 69.2811.4 61.989.9 0.02
Upper extremity 86.5814.6 80.4811.7 0.11
Basic lower extremity 88.6812.3 73.182.7 0.0001
Advanced lower extremity 66.4814.0 51.1815.7 0.001

p values compare means 8 1 SD in the two groups and, unless 
otherwise indicated, are based on t test or Wilcoxon signed rank 
test.
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11% faster (p = 0.04) in exercisers compared with seden-
tary subjects (424 vs. 477 ms;  fig. 2 b).

  Late-Life Function Index 
 Lower extremity functional components of the LLFDI 

were significantly higher for exercisers compared with 
sedentary elderly persons ( table 1 ), especially basic lower 
extremity function of LLFDI (88.6 8 12.3 vs. 73.1 8 2.7, 
p = 0.0001), with no significant differences in upper ex-
tremity function (86.5 8 14.6 vs. 80.4 8 11.7, p = 0.11). 

  Correlations of Voluntary Step Execution Parameters 
and Other Outcome Measures 
 As shown in  table 2 , moderately strong and signifi-

cant negative correlations are seen between BBS and step 
times (foot contact time) in single-task condition (r =

–0.47 to –0.59); the higher the score in BBS, the faster the 
step times. Lower but still significant positive correla-
tions were found between the number of medications 
taken and step times in single-task condition (r = 0.34–
0.45); fewer medications consumed correlated with fast-
er step times. With respect with self-reported function, 
moderately strong correlations were found between step 
times during single-task condition and basic lower ex-
tremity function (r = –0.48 to –0.60), and lower but still 
significant correlations with advanced lower extremity 
function (r = –0.34 to –0.47). Not surprisingly, the asso-
ciations between step times and upper extremity func-
tion score were poor. Weaker correlations were found be-
tween voluntary step reaction times during attention-
demanding tasks, BBS, and the function components of 
LLFDI.

Initiation
phase

Foot
off

Foot
contact

Prep.
phase

Swing
phase

Initiation
phase

Foot
off

Foot
contact

Prep.
phase

Swing
phase

0

250

500

750

1,000

2,000 a b

1,250

1,500

1,750

Ti
m

e 
(m

s)

*

*

*

** *  Fig. 2.  Average voluntary step execution 
parameters for exercisers ( ) ) and nonex-
ercisers ( U ) in both single-task condition 
( a ) and dual-task condition ( b ). Placement 
of symbols indicates mean values and the 
whiskers of each plot indicate  8 1 standard 
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Table 2. Associations between voluntary step execution parameters, subject characteristics, BBS, and LLFDI functional component

Initiation phase Preparation phase Swing phase Foot off time Foot contact time

ST DT ST DT ST DT ST DT ST DT

Mini-Mental Test score –0.17 –0.39** –0.27 –0.24 –0.27 –0.16 –0.27 –0.40** –0.29* –0.34*
Medications/day 0.42** 0.08 0.38** 0.36* 0.34* 0.25 0.45** 0.25 0.45** 0.25
Berg Balance score –0.47** –0.14 –0.49** –0.37** –0.54** –0.25 –0.54** –0.26 –0.59** –0.28

LLFDI functional component
Overall function –0.28* –0.20 –0.22 –0.09 –0.22 –0.11 –0.28 –0.19 –0.28 –0.17
Upper extremity –0.23 –0.23 –0.32* –0.36* –0.32* –0.29* –0.32 –0.33* –0.35* –0.35*
Basic lower extremity –0.57** –0.25 –0.48** –0.29* –0.50** –0.29* –0.58** –0.31* –0.60** –0.34*
Advanced lower extremity –0.47** –0.22 –0.34* –0.17 0.30* –0.11 –0.44** –0.24 –0.43** –0.21

ST = Single-task condition; DT = dual-task condition. * p < 0.01; ** p < 0.001.
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  Discussion 

 A quick step execution, whether it is compensatory 
 [15]  or voluntary  [16] , is an important skill that can serve 
to alter the base of support and preserve stability and pre-
vent a fall. In fact, a delayed initiation and completion of 
a voluntary step may well be a marker for increased risk 
of falling and has been linked as a causal factor in the in-
cidence of falls in the elderly population  [16, 17] . Using an 
inverted pendulum model, Van den Bogert et al.  [29]  pre-
dicted a faster response time to be the most important 
factor for successful balance recovery. In the optimal 
control model of compensatory stepping, Maki and
Macllroy  [15]  claimed that in order to ‘capture’ the center 
of mass and keep it from falling, a step must be complet-
ed within approximately 1,100 ms. Furthermore, Melzer 
et al.  [16]  found that foot contact times were not signifi-
cantly different between fallers and nonfallers (1,113 vs. 
986 ms). However, statistically significant differences 
were found when an attention-demanding task was add-
ed to the Voluntary Step Execution Test – 1,414 ms for 
fallers vs. 1,168 ms for nonfallers (p = 0.037). Elderly per-
sons with dual-task step execution times  6 1,100 ms had 
5 times the risk of falling than participants with execu-
tion times  ! 1,100 ms  [16] .

  Age and lack of physical activity may both be respon-
sible for poor stepping responses and increased risk of 
falls in the elderly. The present study suggests that con-
sistently exercising may well preserve the voluntary step 
reaction times during single-task condition (959 ms in 
exercisers vs. 1,158 ms in sedentary) in fairly active older, 
and may not be statistically significant in dual-task con-
dition (1,170 ms in exercisers vs. 1,303 ms sedentary). 
This finding is somehow surprising, since falls often oc-
cur in situations when attention has to be shared between 
more than one task, and it is conceivable that physical fit-
ness helps to reduce the risk of falling especially in those 
rather demanding situations  [16] . Thus, it is possible that 
sedentary elderly adults focused their attention more 
strongly on the Voluntary Step Execution test in the dual-
task situation, whereas the exercisers had the tendency to 
invest their resources into the cognitive task (e.g. tried to 
perform as well as possible in the Stroop test), since the 
Voluntary Step Execution test was not as difficult for 
them as for the inactive participants. This potential dif-
ferential emphasis behavior might explain the finding 
that group differences in the step test did not reach sig-
nificance any more under dual-task conditions. The ex-
planation is supported by age-comparative laboratory re-
search on cognitive-sensorimotor dual-task situations 

which has shown that older participants have larger dual-
task-related performance decrements than young adults, 
and tend to focus their attention more strongly on the 
sensorimotor task when both tasks are very resource de-
manding  [30–33] . Another explanation might be that the 
traditional exercise regimes emphasize training balance 
under single-task condition; this might improve function 
in single-task conditions only. This is supported by Silsu-
padol et al.  [34]  who found that older adults may be able 
to improve their balance under dual-task conditions only 
following dual-task balance training. Also, it might be 
that the study sample was small to reveal significant dif-
ferences in dual-task stepping.

  The step reaction gains in exercisers was associated 
with preserved: (1) step initiation phase, that is mainly 
dependent on peripheral sensory detection, afferent and 
efferent nerve conduction velocity, and central neural 
processing speed; (2) preparation phase/anticipatory pos-
tural adjustments phase are executed, and (3) swing 
phase, that is mainly dependent on neuromotor mecha-
nisms related to the build-up of muscle force and power 
to execute the task of taking the step.

  Since there is no scientific evidence that supports the 
idea that sensory detection thresholds and nerve conduc-
tion velocity of older adults are modulated by training 
 [35] , it appears that a faster step initiation phase is largely 
due to a faster central neural processing time in elderly 
adults who train regularly. This is supported by Rossini 
et al.  [36] , who suggested that neural redundancy and 
plastic remodeling of brain networking might be second-
ary to physical training. Also, Pensini et al.  [37]  conclud-
ed that the joint torque gains observed after training were 
associated with central adaptations.

  The results show faster preparation phase/anticipatory 
postural adjustments (APAs) in exercisers in both task 
conditions, similarly to Forrest  [38]  who found counterin-
tuitive reductions in the APAs of several muscle groups 
while the stability of standing improved in elderly subjects 
who were practicing Tai Chi. Hass et al.  [39]  found that Tai 
Chi training improved the mechanism by which forward 
momentum is generated and improved coordination dur-
ing gait initiation, suggesting improvements in postural 
control. We suggest that the mechanisms related to the 
faster swing phase in fairly active older in the present study 
are due to the more effective build-up of muscle force and 
power to execute the step. This is supported by Scaglioni 
et al.  [35]  and Rice et al.  [40]  who found that strength train-
ing significantly improves maximum voluntary contrac-
tion by 18–20% and decreased twitch contraction time by 
8–10%, respectively. Furthermore, 12 weeks of resistance 
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training  [41]  found that step time was positively influ-
enced (p  !  0.03). Rogers et al.  [21]  found that a 3-week pe-
riod of either voluntary or waist-pull-induced step train-
ing reduced step initiation time in older and younger 
adults. However, the findings of previous studies regarding 
the effects of exercise on step/gait initiation reaction times 
are inconsistent. Endurance and aerobic or resistance 
training regimes  [42]  had no effect on reaction times in 
older adults. Differences in the mode and intensity of the 
exercises, lack of specificity of the training programs or 
differences in the contents of measurement in different 
studies may also explain the inconsistencies.

  A direct link was found in the present study between 
physical activity and the number of different medications 
taken; 3.3 per day in exercisers compared with 5.6 in sed-
entary elderly. Since frequency of falls is associated with 
treatment by  6 5 kinds of medications  [43] , exercisers in 
the present study are in a lower risk of fall. The present 
study also proves a mutual dependency between exercis-
ing regularly and self-reported functional status of the 
elderly community dwellers. Maintaining regular physi-
cal activity was found to provide benefits including pro-
tection from decreased physical function especially in the 
lower limbs ( tables 1  and  2 ). Other studies also found that 
exercise predicted a better self-rated health, physical 
functioning, fewer physical role limitations, and greater 
energy in elderly bereaved persons  [44] ; exercising is pre-
dictive of fewer IADL limitations, greater longevity, pos-
itive affect, and meaning in life 8 years later among the 
old old  [45] , and during a comprehensive rehabilitation 
program in chronically ill elderly. Similarly to our find-
ings, Brach et al.  [46]  found in a cross-sectional study that 
lower extremity performance was positively related to 
physical activity; inactive elderly individuals are most 
likely to have impaired performance. In a Cohort study 
with a 4.5-year follow-up, Visser et al.  [47]  found that in-
active persons had twice the risk of incident mobility lim-
itation as exercisers. For the lifestyle active and inactive, 
absence of walking activity conferred an additional risk 
of mobility limitation.

  Results of the present study suggest that by consistent-
ly exercising, independent elderly adults may well pre-
serve physical performance and the ability to step rapidly, 
both related to reduce risk of falls in the elderly. However, 
this study has several limitations. First, the allocation or 
assignment of the exercise and control subjects was not 
under control of the investigator. It is possible that those 
participants who are still rather fit tend to engage more in 
physical exercise, and that those who already have severe 
health problems tend to remain inactive, such that some 

of the superior performances in the exercisers are not a 
direct consequence of the exercise regime, but were pres-
ent in the sample even before. In an observational study, 
the combinations are self-selected or are ‘experiments of 
nature’. Observational case-control studies provide weak-
er empirical evidence than do experimental studies (ran-
domized controlled trials). Thus, there is unknown asso-
ciation between genetic influence and the outcomes. Sec-
ond, the symmetry of other unknown confounders cannot 
be maintained. Third, the data came from a fairly small 
sample that was drawn from a defined relatively healthy 
community-based population;   these results cannot be 
generalized to extremely weak or institutionalized elderly 
persons, because data were assessed in a group of rela-
tively healthy elderly persons. Further study should in-
volve larger sample sizes, controlled designs, and less 
healthy populations of older adults. Falls follow-up stud-
ies are needed to determine if the benefits for stepping 
behavior can reduce the risk of falls in elderly populations. 
In the hierarchy of research designs, the results of ran-
domized controlled trials are considered to be evidence of 
the highest grade, whereas observational studies are 
viewed as having less validity because they reportedly 
overestimate treatment effects. However, Concato et al. 
 [48]  compared the results of randomized clinical trials 
and observational studies that examined the same clinical 
topics. They found that the average results of the observa-
tional studies were remarkably similar to those of the ran-
domized, controlled trials.

  In conclusion, participation in a regular exercise pro-
grams is an effective modality to reduce/prevent a num-
ber of functional declines associated with falls. Physical 
activity preserves skills (e.g. voluntary stepping and BBS) 
and elicits a number of favorable responses that contrib-
ute to healthy aging. As more individuals live longer, it is 
imperative to determine the extent and mechanisms by 
which exercise can also improve stepping responses dur-
ing dual-task conditions. The results suggest that the 
ability to adapt and respond to physical training is well 
preserved in the elderly and that active lifestyle could be 
an effective approach to ameliorate the risk factors for 
falls and to reduce risk of falls in community-dwelling 
elders.
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