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The purpose of the study was to determine the sample size that would allow broad generalizability of the results. To investigate the
differences in the responsiveness of fallers and nonfallers to amulticomponent functional balance specific program, 23 participating
subjects (70.1 ± 6.6 years) were divided into nonfallers group (13) and fallers group (10). The components of the balance specific
program were (1) changing of the center of gravity (CoG) in the vertical direction, (2) shifting of the CoG to the border of stability,
(3) rotation of the head and body about the vertical axis, (4) standing and walking on soft surface, and (5) walking over obstacles or
on a narrow path. At the end of eight months of the training program, there was no significant difference between the two groups
regarding postural sway. The total center of pressure path length was used as the principal outcome measure for the sample size
calculation. Based on these results the a priori sample size calculation yielded the estimate of 110 subjects required to be enrolled in
order to get 20 subjects in fallers and 30 subjects in nonfallers group for the 80% power to detect the results as significant.

1. Introduction

The phenomenon of accidental falls has been associated
with multiple causes, divided into intrinsic and extrinsic risk
factors [1]. The extrinsic factors result from persons’ envi-
ronment such as thick carpeting, improper footwear, slippery
surfaces, and poor illumination. On the other hand, the most
often identified intrinsic factors are those related to themedi-
cation use, syncope, postural instability, loss of balance, visual
impairment, muscle weakness, and sensomotor deficit [1].
Most often falls among elderly community-dwelling subjects
occur while walking on level or uneven surfaces [2], and the
majority of themoccur during dual taskingwhile walking [3].
Accidental falls in the advanced age represent a serious health
problem. From the available data for the year 2010, over 60%
of total hospital treatments in Slovenia were caused by falls
[4].

Strategies for fall prevention should address both the
intrinsic and extrinsic risk factors [5]. In the intrinsic risk
factors domain, balance is an important risk factor for the
falls among the elderly frail individuals as well as among
the community-dwelling ones [6]. Therefore, a number of

training protocols have been proposed to enhance or main-
tain balance into advanced age. The results of the reviews
indicate that there is a weak evidence that some exercise types
are moderately effective in improving balance [7]. For the
community-dwelling older adults a progressive exercise pro-
gram that focuses onmoderate to high intensity balance exer-
cise appears to be one of the most effective interventions to
prevent falls [8]. The emphasis is on functional balance
specific program where subjects practice activities similar to
those of their daily life.This kind of program has been shown
to be effective for a group of nursing home residents [9] as
well as for the community dwelling ones [10–12].

Differences between fallers and nonfallers in their func-
tional capabilities are numerous as shown by the results of
different balance tests.Thus, the required time is significantly
longer to perform the four-square step test [13], as well as the
Timed up and Go Test [14]. The fallers’ scores are lower in
Berg balance scale andActivities-specific BalanceConfidence
(ABC) scale, and there is a larger high-frequency component
of the postural sway in fallers as compared to nonfallers
[1]. Mediolateral sway has also been shown to be a reliable
predictor of falls [15]. Fallers have also a significantly longer
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reaction time [1] and increased fear of falling [16], and their
gait speed has been found to be slower under both normal
[17] and dual-task conditions [18].

Physiological factors that are correlated with falls are
diminished proprioception in the lower limbs and slower
reaction time. These are the variables that significantly dis-
criminated between subjects who experienced multiple falls
and the ones who experienced a single fall or none at all
[19]. Physiological differences between fallers and nonfallers
may have a potential effect on their capability to differently
respond to certain training strategies. The research question
iswhether there are differences in the responsiveness of fallers
and nonfallers to a multicomponent balance specific exercise
program.This is important in the process of clinical decision
making. In case the fallers and nonfallers respond equally to
treatment, no specifically individualized program is required
for them. The purpose of this pilot study was to determine
the feasibility of the study and to calculate the appropriate
sample size based on determined clinical and stabilometric
output measures.

Our working hypothesis is that older community
dwelling adults who had experienced an unexpected fall
will (1) benefit equally from the balance specific program as
the nonfallers, and therefore (2) no specific individualized
exercise program is required for the faller group.

2. Methods

2.1. Participants. Residents of the Ljubljana town area were
invited to participate in this study. The program was pre-
sented in pensioners’ clubs and in day centers; additionally,
invitations were published as leaflets and distributed in clubs
and day centers; The study was approved by the Slovenian
Medical Ethic Committee. At the beginning of the study
subjects signed a written consent. The inclusion criteria for
the final analysis of the collected data were age above 65 years,
score of 46 points as obtained by the Berg balance scale (BBS),
no neurological conditions, and a 75-percent adherence rate.
Thus, out of 55 subjects, 23 subjects (21 female and 2 male)
met the inclusion criteria and were included in the final
analysis and had the mean age of 70.1 ± 6.6 years, body mass
of 67.9 ± 12.1 kg, and body height of 162 ± 6.6 cm.

For the analysis the subjects who regularly attended
the balance specific program were divided into two groups
according to the history of falls: the nonfallers group which
consisted of 13 subjects who did not experience any fall in
the past 8 months and the fallers group which consisted of 10
subjects who had experienced at least one fall in this period.
A fall was defined as an unintentional coming to rest on the
ground or on any lower level. Six falls occurred outdoors (on
a street or path, and one subject fell while skiing), whereas
three of them happened indoors. There is no data for the
fall location of one subject. As a consequence of the fall, five
subjects visited their medical doctor, but no falls resulted in
hospitalization.

2.2. Functional Performances Measures. The levels of func-
tional fitness and the level of balance prior to the training
program were assessed with different functional tests. For

balance, the Berg balance scale was used which consists of
14 functional activities graded on a scale from 0 to 4. It
is valid [20] and reliable [21]. Motor performances of the
lower extremities were tested by the Timed stance on toes test
[22] whereas the hand grip strength was estimated using a
hydraulic hand dynamometer (Jamar, Lafayette Instruments,
USA).

Additionally, the dynamic aspect of balance and its inte-
gration into gait were assessed by evaluating the performance
at the stance on a narrow base (Sharpened Romberg test),
four-square step test [13], and Timed 10m walk test. For the
Sharpened Romberg test, the maximum time was fixed to
60 seconds while the subjects were standing with their eyes
opened and closed. The four-square step test was used to
assess subjects’ agility, weight transfer, and change of direc-
tion. It is reliable and valid clinical tool where an additional
cognitive component is included since the subjects are
required to remember the sequences of the test: at the end
of the first cycle they need to change the direction and repeat
stepping in the reversed order. At the Timed 10m walk test,
the subjects were required to walk in a corridor that was
marked at distances of 0, 2, and 10m. The first two-meter
distance allowed the subjects to develop their walking speed
whereas the next ten-meter walks were timed by the therapist
who stood at the midpoint. This test has been shown to be a
reliable measure of functional mobility [23].

2.3. Modified Sensory Organization Test on Force Platform.
Themodified sensory organization test was used as the prin-
cipal outcome measure to assess the effectiveness of balance
specific exercise program. It is a well-established [24] clinical
tool for the assessment of the relative contribution of proprio-
ceptive, vestibular, and vision systems to postural integration.
The measurements of postural sway by stabilometry were
done in four different conditions: standing on hard surface
and on the Airex mat (40 × 48 × 6 cm) with eyes opened
and closed using Kistler 9286 AA (Winthertur, Switzerland)
force platform with 50Hz sampling rate. The subjects were
instructed to stand barefoot on the force platform as still as
possible for 60 seconds with arms being at their sides and
the feet close together. For each subject a set of four tests was
done.

Raw data were collected by BioWare program and then
uploaded to a server with Linux operating system where a
specially developed software [25] was used for the analysis.
The data were smoothed by Gaussian filtering, and the time
and frequency distributions were calculated and plotted. The
standard stabilometric parameters, such as the mediolateral
and anteroposterior center of pressure (CoP) path lengths
and total path length, were determined. Additionally, the
outlines of themeasured stabilometric data were expressed in
terms of the first 25 Fourier coefficients to evaluate the shapes
and areas of the region visited by the center of pressure during
quiet standing [26]. For the purpose of present analysis four
sway variables were chosen: total path length of the CoP
during 60 s measurement interval, mediolateral and antero-
posterior sway expressed as mediolateral and anteroposterior
CoP path lengths, and the sway area which was calculated
from the first 25 Fourier coefficients of the area outline.
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2.4. Statistical Analysis. The Statistical Package for Social
Sciences (SPSS 20, SPSS Inc., Chicago, IL USA) was used
for statistical analysis. All dependent variables were visually
inspected for normality which was found in all cases. An
independent sample 𝑡-test was used to assess the two groups
before the beginning of training for age, body mass, func-
tional balance, strength, and the sensory organization test
on force platform and to assess a response to intervention
expressed as gain (difference between initial and final results).
Further, a Pearson correlation coefficient was used to deter-
mine the significance of the relationships between variables.
Afterwards to determine whether the groups differed in
their improvement during the study period in postural
steadiness in different sensory conditions, a two-way repeated
measures analysis of variance (ANOVA) was performed.The
significance level for all tests was set to 𝑃 < 0.05.

Sample size was calculatedwithG∗Power 3.1.7 [27] for the
main outcome variable. To obtain the main outcome variable
for the sample size calculation, the correlation coefficients
were calculated between functional performance measures
and variables of postural sway as obtained by modified
sensory organization test on force platform.

2.5. Exercise Program. The training protocol lasted 8 months
with two sessions per week, each of them consisting of two
parts: the first 30minutes were devoted to general exercises
(e.g., activation of major muscle groups of the upper and
lower extremities, as well as trunk muscles and the range of
motion exercises), followed by 30minutes of balance specific
training.

2.6. Basic Components of Balance Specific Exercise Program.
The balance specific activities were designed to emphasize
different features of balance function. The components were
(1) changing of the center of gravity (CoG) position in the
vertical direction, (2) shifting of the CoG to the border of
stability, (3) rotation of the head and body about the vertical
axis, (4) standing andwalking on soft supporting surface, and
(5) walking over obstacles or on a narrow path.

The first component was changing of the CoG position
in the vertical direction. This component is required for
transitions between different stable positions such as standing
up and sitting down as well as for ascending and descending
stairs. Stair climbing and transitions between positions are
activities during which high percentage of indoor falls occur
[16]. For the shifting of the CoG in vertical direction, a
certain amount of strength of the thigh muscles is required.
Additionally for stair climbing a certain amount of aerobic
capacity is required as well as the perception of depth. All of
these elements (rising of CoG, aerobic demand, and depth
perception) are included in the exercises on steppers.

The second component of the balance specific program
consisted of shifting the center of gravity to the border of
stability. This skill is required when reaching beyond the arm
length and is known to decrease in elderly subjects [24].

The third component required rotation of the head and
body about the vertical axis. This skill is necessary for
avoiding obstacles andwhile looking over the shoulder where
head movement is followed by whole body axial rotation.

This movement elicits the vestibuloocular response that is
responsible for gaze stabilization and is closely related to
postural control [28].

The fourth component consisted of the activities done
while standing on a soft supporting surface. This skill is for
instance required for walking on thick carpeting or during
certain outdoor activities such as walking in meadows or
woods. Exercises on soft and compliant surfaces facilitate
postural stabilization with a decreased amount and changed
quality of afferent flow from the proprioceptive systems. On a
compliant surface, the pressure on the sole is distributed over
a larger area [29]. The other effect imposed by the compliant
surface is its elasticity which requires constant adjustments to
moving surface, and adjustments of the intersegmental posi-
tions of the body [30]. Training on a movable supporting
surface has been reported to decrease the destabilizing effect
of movable surfaces [31] and improves intersegmental coor-
dination [10].

The fifth component consisted of walking over obstacles
or on narrow surfaces. This kind of walking, while subjects
put their legs in front of each other, requires more control in
the hip region and enhances the training of hip strategy that
has been reported as a prevailing balance movement strategy
in elderly subjects [32].

The balance specific program was organized as a circuit
training on typically three stations as described in detail else-
where [12]. The first one was training on a compliant surface
and was used in all training sessions; the other two stations
were chosen between obstacle avoidance station organized
as polygon, steppers, and seated activities on gym balls. The
last activity was always a dance, mostly a group folk dance.
Subjects spent about 8 minutes on each of the three stations.
On each station, one or two assistants were present at all times
to provide sufficient security.

3. Results

3.1. Results of the Pilot Study

3.1.1. Pretraining Assessments. In the first stage of the data
analysis, the results of the initial assessments, before the train-
ing protocol started, were compared. They showed that the
fallers and nonfallers groups did not statistically significantly
differ in age, body mass and height, hand grip, and calf mus-
cles strength (with 𝑃 values ranging from 0.44 to 0.783). The
average hand grip strength is presented in Table 1 for women
and separately for the two male participants. The initial
balance tests were similar in both groups (Table 1) except for
the fast walking speed that statistically significantly differed
(𝑃 = 0.028) at the initial assessment between the fallers, and
nonfallers group with the former being faster.

3.1.2. Post-Training Assessment

Sensory Organization Test: Hard Surface. For a 2 × 2 (postural
sway variable × group) between-subjects repeated measures
ANOVA for eyes opened condition there was no significant
main effect for all variables indicating that there was no effect
of balance training on CoP measures with 𝑃 values ranging
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Table 1: Descriptive statistics for the two groups and their initial functional measurements for strength, balance, and gait speed tests.

Nonfallers group ± SD Fallers group Difference between
groups (P)

Age (years) 69.5 ± 6.5 71.7 ± 6.7 0.44
Height (cm) 161.1 ± 5.9 158.9 ± 7.9 0.458
Weight (kg) 69 ± 9.9 67.6 ± 14.8 0.783
Berg balance scale (pts.) 54.5 ± 2 54.7 ± 1.6 0.776
Standing on the toes (s) 57.6 ± 8.3 48.9 ± 15.2 0.108
Hand grip strength: female 0.284

Left hand (kg) 26.2 ± 5.9 23 ± 6.6

Right hand (kg) 28.2 ± 7.9 26.8 ± 7.9 0.654
Hand grip strength: male (two subjects, 1 and 2) —

Left hand (kg) 39 and 42
Right hand (kg) 40 and 45 —

Four-square step test (s) 9.24 ± 2.1 9.5 ± 1.4 0.794
10m walk test (s) 6.7 ± 1.6 8.1 ± 0.9 0.028
Sharpened Romberg test: eyes open (seconds) 54.2 ± 15.7 50.8 ± 19.2 0.656
Sharpened Romberg test: eyes closed (seconds) 20.7 ± 22 21 ± 19.4 0.973
Adherence to training (times) 39.1 ± 6.5 39 ± 6.8 0.978
Significant differences between the two groups are indicated in bold.

Table 2: Average values and their standard deviations for the four CoP variables calculated for both groups while standing on hard surface.

Group Non-fallers
eyes opened

Fallers
eyes opened

Non-fallers
eyes closed

Fallers
eyes closed

Variable
Total path length (cm)

Before training 77.45 ± 22.52 80.00 ± 31.54 124.31 ± 72.56 109.81 ± 39.98

After training 90.99 ± 32.50 68.79 ± 22.99 156.51 ± 115.29 112.38 ± 38.02

Mediolateral path (cm)
Before training 54.5 ± 13.6 58.2 ± 26.7 81.8 ± 32.7 81.9 ± 31.7

After training 65 ± 19.4 49.2 ± 18 107.5 ± 62.7 85.6 ± 30.7

Anteroposterior path (cm)
Before training 43.24 ± 19.64 43.03 ± 15.3 74.23 ± 61.83 56.58 ± 22.7

After training 50.45 ± 23.72 37.92 ± 12.14 90.65 ± 84.32 55.62 ± 19.31

Sway area (cm2)
Before training 4.9 ± 2.4 6.45 ± 5.6 7.2 ± 4.6 7.5 ± 9.1

After training 4.9 ± 1.7 4.35 ± 3.0 8.9 ± 7.3 6.3 ± 5.4

from the highest value of 0.877 for mediolateral path length
to 𝑃 = 0.245 for sway area. However, there was a significant
interaction for the total path length (𝐹 = 5.856, 𝑃 = 0.025),
mediolateral sway (𝐹 = 4.467, 𝑃 = 0.047), and antero-
posterior sway (𝐹 = 6.982, 𝑃 = 0.015), indicating that
there is an effect of group.The values expressed as means and
standard deviations are given in Table 2.

When measured with eyes closed there was a significant
main effect for the total path length (𝐹 = 4.519, 𝑃 = 0.046),
and mediolateral sway (𝐹 = 4.817, 𝑃 = 0.040) indicating that
there is an effect of balance training on CoP movements. The
interaction between the groups was not significant for the
total path length (𝐹 = 3.285, 𝑃 = 0.084) and mediolateral

sway (𝐹 = 2.725, 𝑃 = 0.114) indicating that there are no
differences between the two groups. There was no significant
main effect for anteroposterior sway (𝐹 = 3.239, 𝑃 = 0.086)
and sway area (𝐹 = 0.48, 𝑃 = 0.829).

The detailed results (average values and their standard
deviations) for the four variables calculated for both groups
while standing on hard surface are presented in the Table 2.

Sensory Organization Test: Compliant Surface. For a 2 × 2
(postural sway variable × group) between-subjects repeated
measures ANOVA for eyes opened condition there was a
significant main effect for total path length (𝐹 = 8.436, 𝑃 =
0.008), mediolateral sway (𝐹 = 6.783, 𝑃 = 0.017), and sway
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Table 3: Average values and their standard deviations for the four variables calculated for both groups while standing on a compliant surface.

Group Non-fallers
eyes open

Fallers
eyes open

Non-fallers
eyes closed

Fallers
eyes closed

Variable
Total path length (cm)

Before training 198.67 ± 75.21 171.06 ± 32.75 458.20 ± 124.89 383.76 ± 105.29

After training 183.49 ± 57.05 149.52 ± 28.05 403.92 ± 135.64 386.07 ± 110.42

Mediolateral path (cm)
Before training 137.35 ± 49.43 116.71 ± 22.52 302.16 ± 80.85 259.94 ± 78.3

After training 124.44 ± 29.74 100.87 ± 16.38 259.31 ± 77.89 253.08 ± 80.54

Anteroposterior path (cm)
Before training 114.35 ± 53.15 100.61 ± 22.96 281.87 ± 85.54 227.84 ± 63.31

After training 108.60 ± 45.03 89.24 ± 23.21 253 ± 93.55 238.59 ± 63.6

Sway area (cm2)
Before training 16.97 ± 5.70 15.79 ± 5.28 66.05 ± 16.20 44.04 ± 16.39

After training 14.70 ± 4.38 10.81 ± 2.98 45.37 ± 15.13 41.48 ± 14.82

area (𝐹 = 11.841, 𝑃 = 0.002), indicating that there is an effect
of balance training on the measures of postural sway. The
interaction was not significant: total path length (𝐹 = 0.253,
𝑃 = 0.620), mediolateral sway (𝐹 = 0.071, 𝑃 = 0.793), and
sway area (𝐹 = 1.656, 𝑃 = 0.212), indicating that there is
no effect of group. There was no significant main effect for
anteroposterior sway (𝐹 = 3.478, 𝑃 = 0.076) indicating that
there is no effect of balance training on anteroposterior sway
The precise values expressed as means and standard devia-
tions are noted in Table 3.

When measured with eyes closed, there was a significant
main effect for mediolateral sway (𝐹 = 7.274, 𝑃 = 0.018) and
sway area (𝐹 = 5.549, 𝑃 = 0.032), indicating that there is an
effect of balance training on the measures of postural sway.
However, the interaction was not significant for mediolateral
sway (𝐹 = 3.811, 𝑃 = 0.069) and sway area (𝐹 = 3.200, 𝑃 =
0.093) indicating that there is no group effect. No significant
main effect was found for total path length (𝐹 = 3.105, 𝑃 =
0.097) and anteroposterior sway (𝐹 = 0.595, 𝑃 = 0.452). The
values expressed as means and standard deviations are noted
in Table 3.

3.2. Sample Size Calculation. The a priori sample size was
calculated on the basis of the results from the present pilot
study.

To obtain the main outcome variable for the sample
size calculation, the differences were calculated between the
pre- and posttraining values of two CoP variables of the sen-
sory organization test.The initial functional levels of the sub-
jects’ balance were taken into consideration by determining
the correlations of these differences with the functional per-
formances measures. Significant correlation coefficient was
obtained betweenBBS and twoCoP variables.The correlation
coefficients of the CoP variables for standing on hard surface
with eyes opened were 𝑟 = 0.478 (𝑃 = 0.05) for the total
path length and 𝑟 = 0.520 (𝑃 = 0.05) for the mediolateral
path length, whereas, for standing on hard surface with eyes
closed, they were 𝑟 = 0.653 (𝑃 = 0.01) and 𝑟 = 0.661

(𝑃 = 0.01) for the total and mediolateral path lengths,
respecitvely.The correlation coefficients calculated for stand-
ing on compliant surface with eyes closed and eyes opened
were low and not significant.

Thus, the variables that correlated most with the func-
tional balance state of the subjects as measured with BBS
were the total path length of CoP and mediolateral sway. As
these two variables are interrelated, the total path length of the
CoP was chosen for the a priori sample size calculation using
the average value of the differences between the pre- and
posttraining results and its standard deviation. The analysis
with G∗Power software showed that at least 20 subjects per
group are needed to provide 80% power to detect the results
as significant at alpha level 5%.

Therefore taking into consideration that there are 43%
of fallers expected in the study group as determined by this
study, further considering the expected adherence rate bee
43% and that 96% of the enrolled subjects will meet the
inclusion criteria, it can be concluded that at least 110 subjects
should be recruited to achieve the sufficient statistical power
of the stabilometric tests. Thus, 106 subjects are expected
to meet the inclusion criteria, resulting in 46 subjects who
are likely to regularly attend the balance specific exercise
program and subsequently resulting in 20 subjects in the
fallers and 26 subjects in the nonfallers group (Figure 1).

4. Discussion

The purpose of the present pilot study was to obtain the
sample size to enable broad generalizability of the results
to test the hypothesis that subjects who had experienced at
least one accidental fall in the past year have equal potential
to benefit from the balance specific program as compared
to nonfallers. For the chosen main outcome measure (the
CoP path length) the number of 110 subjects was determined.
Based on the results of the present pilot study, we could
have in principle confirmed the hypothesis since we found
no significant difference between the two groups at the end
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96%

43%

43%

Enroll for the study
110

Meet inclusion criteria
106

Expected 75%

Fallers
20

Nonfallers
26

adherence rate
46

Figure 1: Flow chart of subjects needed for recruitment to obtain
sufficient sample size taking into consideration adherence to the
training sessions.

of eight months of the exercise program regarding measures
of postural stability (total path length, mediolateral and
anteroposterior sway, and sway area). However, the sample
size prevents us from making this conclusion. The choice
of the outcome measure was carefully tested. The total path
length of CoP was chosen as the main outcome measure
for the sample size calculation. This was the variable that
significantly correlated with the BBS which has become a
gold standard in clinical balance measurements and has a
well-established validity [20, 21]. Additionally, two functional
tests, a four-square test and Timed 10m walk test, were
proven to be needed to cover the dynamic aspects of balance.

It has been reported that regardless of the degree of
fall risk at the enrollment time the subjects responded to
the intervention aimed at fall prevention or decrease of fall
risk factors [33]; however, it has not been reported whether
fallers and nonfallers responded equally to the same type
and amount of training. The subjects under study are still
highly functional and are not suspected to have an increased
fall risk due to balance as indicated by Berg balance score
where 46 points and below are considered as the cutoff value
for the increased fall risk [1]. Nevertheless, also the subjects
who still have preserved balance, according to our data,
had experienced, a fall, and only one of the ten falls was
associated with a recreational activity. Additionally, subjects
with an experience of a fall seem to be more likely to attend
regularly to the balance specific exercise program since the
ratio between fallers and nonfallers differed to those in
general population [6] since in our study 43% of participants
experienced a fall.

No initial difference in balance performance between the
participants of both groups was found in the stabilometric
and functional tests in the present study. The only initial
difference was in walking speed of the fallers group that
was for fast walking significantly slower. The results of the
functional tests are in agreement with Melzer et al. [34] who
reported no differences between fallers and nonfallers in a
similar highly functional group for BBS score and Timed
Up and Go Test. However, the reported stabilometric results

showed larger mediolateral sway range in fallers as compared
to nonfallers under eyes closed condition on hard supporting
surface [34], while there was no difference between the two
currently reported groups in the mediolateral sway in neither
of the four conditions of the modified sensory organization
test. This difference between our study and the previously
reported one could be attributed to the definition of fallers:
our study defined a faller as someone who had incidentally
fallen at least once in the past 8 months whereas in the
study of Melzer et al. [34] a single fall in the past year was
considered as a random event that did not reflect a balance
disorder [15, 35], and only subjects with two or more falls
were considered as fallers. However, the reported study was
prospective, and we have now knowledge as to what extent
a subject was a recurrent faller or not. For the future study,
a combination of retrospective as well as prospective data
on fall status will be required to differentiate between fallers
and those whose fall could be considered as a random event.
Regardless of the number of falls the outdoor fallers were
found to have very good overall health [16].

Themediolateral sway as an indicator of stability revealed
no differences between the two studied groups. In both
groups the same decrease was obtained for the mediolateral
sway on a compliant surface. With age a shift towards hip
strategy for balance reactions is apparent [32]; therefore,
activities that have a potential to preserve and enhancemotor
control and coordination in the hip are likely to influence the
balance and have potential to decrease the risk for falling. Our
results indicate that the described balance specific program
can influence the hip control equally in the subjects who had
experienced falls aswell as in thosewho had not.Mediolateral
stability has improved on compliant surface in fallers as well
as in nonfallers. The control of lateral stability appears to be
the most important variable to discriminate between fallers
and nonfallers [15, 34].

Mediolateral control is required also in a variety of
functional activities such as changing direction, stepping
sideways, backwards, and stepping on and off stairs and for
the tasks related to the obstacle avoidance. Decreased efficacy
of this function is related to the increased fall risk [13].
The specific training for the obstacle avoidance has been
reported to be effective in fall prevention programs of com-
munity dwelling elderly subjects [36]. Other types of training
programs, such as step aerobics, were reported to be efficient
for improving one leg stance and walking on narrow basis
[37]. To test functional aspect of balance specific exercise
program, the four-square step test should be introduced as
an outcome measure. Four-square step test is a measure of
mediolateral control, weight transfer, change of direction,
and agility. Subjects in both groups of the reported study
performed very well in the four-square step test, much better
indeed as expected of a fall prone group as reported by Dite
and Temple [13].

Training on a compliant surface is an important part
of the functional balance training program, and fallers and
nonfallers responded equally and significantly to it. Present
results suggest that during the training both groups to the
same extant learned to respond to instability of the sup-
porting compliant surface fast enough to maintain postural
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stability. The mediolateral sway, total path length, and sway
area on a compliant surface decreased in both groups of
participants. The elasticity of the supporting surface results
in additional bodymovementwhich requires constant adjust-
ments of the relative positions of the body segments to keep
the center of gravity over the base of support [30]. The con-
sequence of these constant adjustments is increased afferent
flow from the muscle and joint receptors [38]. Therefore,
our results support the enhancement of the proprioceptive
acuity, which has been related to the training on unstable
surfaces [38]. Previous reports of training on compliant
and moving surfaces are however conflicting; some authors
indicate that such a sensory-specific training reduces the
influence of the mechanical destabilization on body balance
[31], and reduces postural sway [12]; training on the wobble
board has been shown to significantly decrease the amount
of ankle movements [39] and improves the intermuscular
coordination [10] while others report no effect on the CoP
stability [40].

Walking speed was the only variable that differed in the
initial assessment between the two groups. It has been pre-
viously reported that fallers walk more slowly as compared to
the nonfallers [17].Walking is one of the functions that allows
elderly subjects to stay independent and is closely related to
balance [41]. With the improvement of balance the gait speed
improved although the gait speed was not part of the
training in a group of nursing home residents [9] as well as
among community-dwelling subjects [12]. Therefore, gait
speed should be also used as a measure of the transfer of the
training program to functional activities.

The balance specific program is designed to be translated
to daily living activities. The intensity of the training is low;
therefore, it is not expected that changes be attributed to
increased functional load [42], and it is more likely that the
observed improvement is a result of motor learning process.
The process can be categorized as implicit learning which is
defined as a nonconscious form of learning characterized by
behavioral improvement [43]. Not only can the new postural
synergies be learned but also the newly acquired synergies
influence the existing ones [44]. The less stable are the
preexisting coordination patterns, the more change can be
induced as a consequence of learning [44].

It may be concluded that multicomponent, balance spe-
cific program that includes (1) changing of the CoG in the
vertical direction, (2) shifting of the CoP to the border of
supporting surface, (3) rotation of the head and body about
the vertical axis, (4) standing on soft supporting surface, and
(5) walking over obstacles or on a narrow path has a potential
to increase postural steadiness in active community-dwelling
subjects; and it has yet to be determinedwhether or not this is
the case for faller and nonfallers equally. Based on the results
of this preliminary study we cold calculate an appropriate
sample site to ensure sufficient statistical power to allow
generalizability of the acquired results regarding whether or
not multicomponent balance specific program is optimal in
its ability to enhance balance control in subjects who had
experienced a sudden fall as well as in those subjects who had
not experienced it.
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