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Abstract

Background: Falls are common in physically active older
people; however, most intervention studies have been tar-
geted at frail older people. Objective: To evaluate the effec-
tiveness of two intervention techniques for preventing falls
in physically active community-dwelling older people.
Methods: Two hundred and seventeen people (120 men and
97 women) aged between 70 and 90 years recruited from a
health insurance company membership database were ran-
domly allocated to receive either a psychomotor interven-
tion focusing on body awareness, body experience and co-
ordination, a fitness intervention focusing on functional
skills, strength, endurance and flexibility, or no intervention
(control group). The outcome measures were prospective
falls (number of fallers, number of multiple fallers, number
of falls and falls rate) and measures of physical performance
(Timed Up and Go Test, maximal step length, sit-to-stand
time, normal and fast walking speed). Results: At the 4-
month follow-up, significantimprovements in the Timed Up
and Go Test and sit-to-stand times were observed for both
the psychomotor and fitness intervention groups. During
the 12-month follow-up period, 39% of the participants fell
at least once, and 19% fell on multiple occasions. The pro-

portion of fallers in the fitness intervention group was 23%
less than in the control group (RR = 0.77, 95% Cl 0.60-0.97),
but no significant reduction in falls was observed in the psy-
chomotor intervention group. Conclusion: A fitness training
program improves some aspects of physical performance
and reduces falls by 23% in physically active older people.
Copyright © 2007 S. Karger AG, Basel

Introduction

Fallsin older people are a major public health problem,
with 1 in 3 people aged 65 and over falling each year [1,
2]. Falls are the leading cause of injury-related hospital
admissions in older people, accounting for 4% of all hos-
pital admissions in this age group [3]. Prevention of falls
and subsequent disability is therefore a key priority area
in geriatric rehabilitation [4].

Several recent community-based studies have indicat-
ed that various forms of exercise, such as Tai Chi, group
exercise and home-based exercise can reduce falls by ap-
proximately 30-40% [5, 6]. Overall, exercise interven-
tions appear to be most effective when targeted to high-
risk older people, such as those with strength and balance
deficits, those aged over 80 and those with multiple falls
risk factors [5, 6]. It has been suggested that interventions
that have failed to show a significant reduction in falls are
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those that have been targeted at people with too low a
physiological risk of falling [7, 8]. However, given that
falls are also common in vigorous older people due to
their increased exposure to hazardous situations [1, 9], it
could be that the programs were not appropriate for this
particular subgroup. For example, a physically active old-
er person may have little to gain from a low-level strength
training program, but may benefit from an intervention
designed to enhance body awareness and modify be-
havior.

Therefore, the aim of this study was to evaluate the ef-
fectiveness of two different interventions in preventing
falls in a sample of physically active community-dwelling
older people. It was hypothesized that an intervention
program incorporating psychomotor aspects of body
awareness, coordination and behavioral training would
be more effective at reducing falls in this population com-
pared to an intervention focusing on health-related fit-
ness.

Methods

Participants and Recruitment

The study population consisted of community-dwelling peo-
ple aged 70 years and older living in Erlangen, Germany. Partici-
pants were drawn from a health insurance company membership
database (n = 2,468). Participants were excluded if they were un-
able to walk independently, were under 70 years of age or had
cognitive impairment (defined in the Neuropsychological Ageing
Inventory as either a digital symbol substitution test score of less
than 25 or a number connecting test, similar to trail-making A,
score of greater than 1 min) [10].

Figure 1 shows the recruitment process. The study was under-
taken in two phases. Firstly, the membership database was ran-
domized using stratified random sampling to ensure equal num-
bers of men and women and equal distribution across age-groups.
In phase 1, the first 1,000 people were selected from the random-
ized database. Each of these people was then contacted by letter
and invited to take part in the study. Of the 1,000 people contact-
ed, 102 (10%) agreed to take part, and of these, 83 met the inclu-
sion criteria. These participants formed the control group. In
phase 2, the next 1,000 people were selected from the list. Of these,
139 (14%) agreed to take part, 134 of whom met the inclusion cri-
teria. These participants were then randomly allocated into either
the psychomotor or fitness intervention groups. The study proto-
col was developed in accordance with the Prevention of Falls Net-
work Europe (PROFANE) guidelines [11] and written informed
consent was obtained from all participants.

Measurements

Demographic, Health, and Physical Activity Characteristics

Demographic factors (such as age, gender, education and in-
come), medical conditions and number of medications were ob-
tained via a structured questionnaire. Overall health status was
documented using the brief version of the World Health Organi-
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zation Quality of Life questionnaire [12], with higher scores indi-
cating better health (range 0-100). Physical activity levels were
documented using an objective measure of walking speed (WS)
over 8 m, and self-reported number of hours walked per week.
History of falls in the past 6 months was also documented.

Physical Performance Measures

Four measures were used to evaluate the effects of the inter-
vention on physical performance.

For the Timed Up and Go (TUG) Test, participants were given
verbal instructions to stand up from a chair, walk 3 m as quickly
and as safely as possible, turn around a coin placed on the floor,
walk back, and sit down. Participants were asked to complete
three trials under three conditions: performance of the TUG
alone, performance of the TUG with the addition of a cognitive
task (counting backwards by threes), and performance of the
TUG with the addition of an upper-extremity motor task (carry-
ing a full cup of water). TUG was defined as the sum of the time
taken (in seconds) to complete the three conditions [13]. For the
maximal step length (MSL) test, participants were instructed to
step forwards maximally with one leg, maintaining the stance leg
in the initial position, and then return to their initial stance posi-
tion in a single step. MSL was defined as the average step length
(measured in cm) over a series of three trials [14]. For the sit-to-
stand (STS) test, participants were asked to rise from a standard
height chair (43 cm) five times as quickly and safely as possible
with their arms folded across their chests. STS was defined as the
total time taken in seconds to complete the task [15]. WS was mea-
sured at self-selected normal and fast speeds over a 10-meter dis-
tance, ignoring the first and the last meter to exclude acceleration
and deceleration steps. WS (normal) and WS (fast) were docu-
mented in meters per second. Each of these tests was selected as
they have been shown to be useful indicators of physical perfor-
mance and are capable of differentiating between fallers and non-
fallers [16-19]. The assessors undertaking the physical perfor-
mance tests were blinded to group allocation.

Interventions

There were two interventions in the study, each comprising 32
sessions (2 sessions/week) of 1-hour duration over a 16-week pe-
riod. Group discussions were conducted at the beginning and end
of each session to outline the goals of the program and to review
progress. Participants in both intervention groups were instruct-
ed to perform selected exercises from the program at home on a
daily basis between sessions and following the completion of the
16 week intervention period. The control group received no inter-
vention. At the end of the 12-month follow-up period, control
participants were invited to participate in the intervention
classes.

The Psychomotor Intervention

The psychomotor intervention was based on the Gestaltkreis
[20] and Salutogenese [21] models and focused on improving the
interaction between perception and action. The intervention con-
sisted of strength training (including the use of dumbbells, ankle
weights and weight-bearing exercises), balance training (includ-
ing standing balance, dynamic weight transfers and stepping
strategies), motor coordination training (including motor control
when performing ADLs, motor control under time pressure and
sensory awareness), competence training (including social com-
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Fig. 1. Flow chart of participants through the study.

petence, material competence and enhancing identity) and per-
ceptual training (including body orientation and space percep-
tion). The approximate breakdown of the time spent on each of
these components was: strength training (20%), balance training
(20%), motor coordination (30%), competence training (15%) and
perceptual training (15%).

The Fitness Intervention

The fitness intervention primarily focused on physical health
resources (such as strength, endurance and flexibility) and incor-
porated both group and home-based exercises as well as physical
activity recommendations. The intervention consisted of strength
and flexibility training (including the use of dumbbells, ankle
weights, weight-bearing exercises and joint flexibility), balance
and motor coordination training (including standing balance,
dynamic weight transfers, stepping strategies, motor control
when performing ADLs, motor control under time pressure and
sensory awareness) and endurance training (including normal
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walking and Nordic walking). The approximate breakdown of the
time spent on each of these components was: strength and flexi-
bility training (33%), balance and motor coordination training
(33%), and endurance training (33%).

Falls Surveillance

Falls were defined as ‘an unexpected event in which the par-
ticipant comes to rest on the ground, floor, or ata lower level’ [11].
Falls were monitored for 12 months. When a fall occurred, spe-
cific details about fall injuries were obtained through structured
telephone interviews. If falls calendars were not returned at the
end of each month, follow-up telephone calls were made.

Statistical Analysis

The data were analyzed using SPSS v13.0 (SPSS Corp., Chicago,
I, USA) and STATA 8 (Stata Corp., College Station, Tex., USA)
statistical software. The continuous physical performance mea-
sures at the 4-month follow-up were compared using analysis of
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Table 1. Demographic, health, and physical activity characteristics of the study population at baseline

Variable Psychomotor  Fitness Control group  Total sample
intervention intervention
(n=65) (n=69) (n=83) (n=217)

Demographic factors

Age 764142 75.4+3.8 76.5+3.9 75.9%4.0

Females 31 (48) 27 (39) 39 (47) 97 (45)

Tertiary education 18 (28) 33 (33) 25(29) 76 (35)

Income, EUR per month 3,530 £ 1,490 4,090+ 1,610 3,900 £ 1,830 3,840 £ 1,659
Medical conditions

Number of diagnosed conditions 24%1.6 2014 21%1.6 23%1.6

Osteoarthritis 19 (29) 25 (36) 30 (36) 74 (34)

Osteoporosis 6(9) 6(9) 9(11) 21 (10)

Cardiovascular disease 18 (28) 18 (26) 27 (30) 63 (29)

Diabetes 6(9) 2(3) 4 (5) 12 (6)

Depression 3(5) 1(1) 5(6) 9 (4)
Number of medications 3.1%23 29%25 34%24 32%24
WHOQOL Brief overall 72.8+14.0 76.0+x13.1 699+17.3 72.9*14.9
Physical activity

Walking speed, m/s 1.3%£0.3 1.4%£0.3 1.3%£0.3 1.3%£0.3

Walking, h/week 10.3£8.8 10.2%£10.0 8.7+9.2 9.8£9.3
Fallen in past 6 months 24 (37) 27 (39) 24 (29) 75 (35)

Values are expressed as mean * standard deviation or n (%).

covariance with baseline scores and intervention group entered as
independent variables [22]. An intention to treat approach was
used for missing physical performance data, in which the last ob-
served response was carried forwards [23]. If continuous data were
found to be skewed, logs of the scores were computed and statisti-
cal testing was carried out on the more normally distributed vari-
ables. Consistent with the recommendations of the PROFANE
group [11], four falls outcomes were used: the number of fallers,
the number of multiple fallers, the rate of falls, and the time to first
fall. The number of fallers and multiple fallers (two or more falls)
were compared by calculating relative risks (RR). The number of
falls and falls rate per person per year in the four groups were com-
pared using negative binomial regression models. The incident
rate ratio with corresponding 95% confidence intervals was calcu-
lated for each intervention group relative to the control group. This
approach takes into account all falls and adjusts for varying dura-
tion of follow-up [24, 25]. Time to first fall, as a safety measure,
was analyzed using Kaplan-Meier survival analysis.

Results

Demographic, Health, and Physical Activity

Characteristics at Baseline

Table 1 shows the baseline demographic, health and
physical activity characteristics for the three groups and
the total sample. Overall, the sample was highly educat-
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ed, had higher than average income levels, very good self-
reported health and higher than average levels of physical
functioning. Baseline measurements were similar across
the intervention groups, although the TUG and MSL
were slightly worse in the control group.

Intervention Compliance and Participant Retention

The number of sessions offered for each of the inter-
ventions was 32. The median number of sessions attend-
ed for the psychomotor intervention was 26 (range 0-32)
and for the fitness intervention it was 26 (range 0-32). At
least 50% of sessions were attended by 82% of participants
in the psychomotor group and 84% of participants in the
titness group. Figure 1 shows the number of participants
in each of the intervention groups throughout the study
period. The percentage of participants who undertook
both baseline and 4-month physical performance testing
was 89% for the psychomotor intervention, 90% for the
fitness intervention and 86% for the control group. The
percentage of participants who completed the 12-month
falls follow-up was 95% for the psychomotor interven-
tion, 94% for the fitness intervention, and 89% for the
control group. There were no adverse events.
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Table 2. Baseline and 4-month scores for the physical performance measures in each of the intervention groups

Variable Psychomotor intervention (n = 65) Fitness intervention (n = 69) Control group (n = 83)
baseline 4-month baseline 4-month baseline 4-month
TUG s 29.5£8.0 27.1%6.1%¢ 28.9%8.5 25.7£7.6¢ 30.6+9.6 29.8£8.6%4
MSL, cm 60.5%£17.1 68.1£15.5 54.7%18.4 67.8%£17.8 49.4%20.9 57.2%17.5
STS time?, s 12.1£4.9 11.3+2.8P 123%3.8 11.1+3.5P 13.3%43 134+ 4454
WS, m/s
Normal 1.3%0.3 1.3+0.2 1.4%0.3 1.4%+0.2 1.3+£0.3 1.3%£0.3
Fast 1.8%£0.3 1.8%£0.3 1.7%£0.3 1.8%£0.3 1.7£0.3 1.7£0.3
* Overall significant difference between the groups (p < 0.05).
b Post-hoc tests on adjusted 4-month scores significantly different to the control group (p < 0.05).
¢ Post-hoc tests on adjusted 4-month scores significantly different to the psychomotor group (p < 0.05).
dPost-hoc tests on adjusted 4-month scores significantly different to the fitness group (p < 0.05).
Table 3. Falls during the 12-month follow-up
Control Psychomotor RR (95% CI)* Fitness RR (95% CI)®
group intervention intervention
Fallers, n (%) 37 (45) 29 (45) 1.00 (0.75-1.34) 19 (28) 0.77 (0.60-0.97)
Multiple fallers, n (%) 19 (23) 15 (23) 1.00 (0.84-1.20) 8(12) 0.87 (0.75-1.01)
Falls, n (rate) 87 (1.04) 79 (1.22) 0.92 (0.59-1.45) 62 (0.90) 0.64 (0.38-1.06)

2 Psychomotor intervention vs. control group. b Fitness intervention vs. control group.

Physical Performance Outcomes

Table 2 shows the baseline and 4-month scores for
each of the physical performance measures in each of the
groups. At 4 months, there were significant differences
between the groups for TUG time (F, = 3.5, p = 0.040),
with post-hoc tests indicating that participants in the
psychomotor intervention and the fitness intervention
both had significantly lower STS times compared to the
control group, with the greatest reduction observed in the
fitness intervention group. There were also significant
differences between the groups for STS time at 4 months
(F, = 5.2, p<0.001), with post-hoc tests indicating that
participants in the psychomotor intervention and the fit-
ness intervention both had significantly lower STS times
compared to the control group. There were no significant
differences between the groups for MSL, WS (normal) or
WS (fast).
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Falls

During the 12-month follow-up period, there were 228
falls. A surprisingly large number of falls involved vigor-
ous activities such as skiing (25 falls) and cycling (15
falls). Table 3 shows the number of fallers, multiple fall-
ers, falls and falls rate in each of the intervention groups.
The proportion of fallers in the fitness intervention group
was significantly lower (23%) than in the control group
(RR =0.77,95% CI 0.60-0.97). There was also a 13% re-
duction in the number of multiple fallers and a 46% re-
duction in the falls rate in the fitness intervention group
which approached statistical significance. No significant
reduction in falls was noted in the psychomotor interven-
tion group. Figure 2 shows the Kaplan-Meier plot for time
to first fall for the three intervention groups. A clear sep-
aration of the fitness group was evident throughout the
duration of the 12-month follow-up period. The mean
time to first fall was 216 £ 15 days in the control group,
281 * 16 days in the psychomotor group, and 337 £ 9
days in the fitness intervention group.
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Fig. 2. Time to first fall in the three intervention groups.

Discussion

The objective of this study was to examine the effec-
tiveness of two intervention techniques for preventing
falls in physically active older people residing in the com-
munity. The population recruited for the study was high-
ly educated, had higher than average income levels, very
good self-reported health and higher than average levels
of physical functioning. Baseline measures indicated bet-
ter performances than those previously reported for STS
[26] and WS [27] in community samples of a similar age.
This clearly influenced the type of falls that were docu-
mented in the 12-month follow-up, with a large propor-
tion involving sporting activities such as skiing (25 falls)
and cycling (15 falls). The findings indicate that during
the 12-month follow-up period, there were 23% less fall-
ers in the fitness intervention group compared to the con-
trol group. There was also a trend towards a reduction in
the number of multiple fallers and the rate of falls in the
fitness intervention group. However, no reduction in falls
was observed in the psychomotor intervention group.

Both interventions resulted in small but statistically
significant improvements in TUG and STS times, with
the fitness intervention group improving slightly more
than the psychomotor intervention group in the TUG.
These findings are consistent with previous reports of
improved TUG [28, 29] and STS [8, 30, 31] following a
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range of exercise programs. The improvement in both
TUG and STS in the fitness intervention group is likely
to be due to the focus of this intervention on enhancing
strength and endurance of the lower limb muscles. The
improvement in the psychomotor intervention group,
however, was unexpected, as this intervention had only a
small strength training component. It is possible that the
other components of the psychomotor program (such as
spatial awareness and perception) were responsible for
improved TUG and STS times, as it has recently been
shown that TUG is associated with an overall measure of
physiological falls risk (which included visual and sen-
sory measures) [32], and that STS performance depends
not only on lower limb strength, but also on propriocep-
tion and psychological status [26].

Despite the improvements in physical performance in
the psychomotor group, our initial hypothesis — that the
psychomotor intervention would be more effective at re-
ducing falls than the fitness training program - was not
supported by the results. We expected that because the
group we studied was physically active, they would have
little to gain from the fitness program, but would benefit
from an intervention focusing on body awareness and co-
ordination. The results indicate that even in a physically
active group of older people, an exercise program focus-
ing on strength and balance can further improve physical
performance and prevent some falls. Our results do not
suggest that strength training is superior to balance train-
ing. Rather, our findings indicate that the level of inten-
sity of an exercise intervention is the key factor in reduc-
ing falls in a high-functioning cohort. It is possible that
the duration of the study was insufficient to demonstrate
an effect of the psychomotor intervention, as many of the
objectives of this intervention require modification of be-
havior, which may take longer to achieve than improve-
ments in physical performance. However, confirmation
of this hypothesis would require longer term follow-up.

Compared to the reductions in falls observed in previ-
ous exercise studies, the 23% reduction in the number of
fallers in the fitness group reported here is relatively mod-
est, and although there was a trend towards less multiple
fallers and a lower falls rate, this did not reach statistical
significance. However, most studies reporting larger re-
ductions in falls have focused on frailer populations [5,
6]. Furthermore, we adopted the recommendation of the
PROFANE group by including all falls in our definition
[11], whereas other studies have specifically excluded falls
that resulted from external perturbations or overwhelm-
ing hazards [33]. It is possible that the fall reduction in
our study would have been larger if a more selective def-
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inition was used, as falls related to vigorous activities
such as skiing and cycling may not be as amenable to pre-
vention as those that occur when undertaking activities
of daily living. In particular, it is likely that a greater re-
duction in the total number of falls would have been ob-
served, as alarge proportion of participants who fell while
undertaking sporting activities fell on multiple occa-
sions. However, undertaking this subgroup analysis was
not planned a priori and the sample size is probably in-
sufficient to detect differences in the incidence of non-
sport-related falls.

The major strengths of this study are the use of a high
functioning cohort with a large proportion of men, and
the high level of compliance with the interventions. How-
ever, the findings need to be viewed in light of study de-
sign limitations. Due to logistical reasons, the study had
to be undertaken in two phases, with phase 1 involving
the selection of the control group, and phase 2 involving
randomization into either the psychomotor or fitness in-
tervention groups. Therefore, comparisons between the
two intervention groups recruited in phase 2 were made
to the control group recruited in phase 1. Although the
participants were drawn from the same population and
the groups were equivalent at baseline, it is acknowledged
that the control group was not recruited at the same time
as the psychomotor or fitness intervention groups. Fur-
thermore, each of the interventions consisted of multiple

components targeting several falls risk factors, so it is dif-
ficult to delineate which specific aspects of the interven-
tion were responsible for the observed improvement in
physical performance and reduction in falls. Finally, the
generalizability of the study findings to the broader el-
derly population may be limited, as participants were re-
cruited from a private health insurance database and the
participation rate was relatively low (10-15%).

In conclusion, the findings of this study indicate that
a fitness program focusing on functional skills, strength,
endurance and flexibility improves some aspects of phys-
ical performance and is moderately effective in reducing
falls in physically active older people living in the com-
munity. A psychomotor intervention focusing body
awareness, coordination and behavioral training also im-
proves physical performance but has no effect on falls.
Longer term follow-up may be required to adequately
evaluate interventions which aim to reduce falls through
behavioral modifications, particularly in older people
who are physically active.
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