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OBJECTIVES: To determine the effects of exercise on falls
prevention in older people and establish whether particular
trial characteristics or components of exercise programs are
associated with larger reductions in falls.

DESIGN: Systematic review with meta-analysis. Random-
ized controlled trials that compared fall rates in older peo-
ple who undertook exercise programs with fall rates in
those who did not exercise were included.

SETTING: Older people.

PARTICIPANTS: General community and residential care.

MEASUREMENTS: Fall rates.

RESULTS: The pooled estimate of the effect of exercise
was that it reduced the rate of falling by 17% (44 trials with
9,603 participants, rate ratio (RR) 5 0.83, 95% confidence
interval (CI) 5 0.75–0.91, Po.001, I2 5 62%). The great-
est relative effects of exercise on fall rates (RR 5 0.58, 95%
CI 5 0.48–0.69, 68% of between-study variability ex-
plained) were seen in programs that included a combina-
tion of a higher total dose of exercise (450 hours over the
trial period) and challenging balance exercises (exercises
conducted while standing in which people aimed to stand
with their feet closer together or on one leg, minimize use of
their hands to assist, and practice controlled movements of
the center of mass) and did not include a walking program.

CONCLUSION: Exercise can prevent falls in older people.
Greater relative effects are seen in programs that include
exercises that challenge balance, use a higher dose of ex-
ercise, and do not include a walking program. Service pro-
viders can use these findings to design and implement
exercise programs for falls prevention. J Am Geriatr Soc
56:2234–2243, 2008.
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The development and implementation of effective and
cost-efficient strategies to prevent falls in older people

is an urgent global health challenge. In developed countries,
life expectancy for people aged 65 years old is approxi-
mately 17 years for men and 21 years for women. At least
one-third of people aged 65 and older fall at least once
annually,1 and falls account for more than half of the injury-
related hospitalizations for older people.2 Fall rates in the
general older population are reported to be 1.2 falls per
person year.3

Falls in older people are not purely random events but
can be predicted by assessing a number of risk factors.4,5

Some of these risk factors (e.g., reduced muscle strength and
impaired balance and gait) can be modified using exercise,
whereas others (e.g., poor vision, psychoactive medication
use) require different intervention approaches. Exercise
can be used as a stand-alone falls prevention intervention or
as a component of a multifaceted program. Multifaceted
interventions can prevent falls in the general community,
in those at greater risk of falls, and in residential care
facilities.4,6

Many trials have sought to establish the specific effect
of exercise on fall rates, but a large proportion of these trials
have been underpowered. The best way to interpret these
trials may be to pool their data in a meta-analysis, but trials
of the effects of exercise on fall rates vary in their quality,
have been conducted on a range of populations, and employ
exercise programs that differ greatly in their aims and con-
tent. Meta-analysis should therefore involve exploration of
whether these factors ‘‘explain’’ (are associated with) esti-
mates of the effect of exercise programs.7,8

A Cochrane review of fall prevention strategies6 con-
ducted separate meta-analyses on different forms of exer-
cise and concluded that some exercise programs can prevent
falls in community dwellers (e.g., home exercise program of
balance and strength training, a Tai Chi group program) but
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that others are unlikely to be beneficial (brisk walking in
women with an upper limb fracture in the previous 2 years)
or require further investigation (untargeted group-based
exercise interventions and individual lower-limb strength
training). A limitation to this approach is that it combines
programs that may be different (e.g., group programs that
are of low and high intensity) and separates programs that
share key features (e.g., balance training).

This study sought to establish the effect of exercise on
fall rates, with a major aim of explaining between-trial
variability. Meta-regression methods were used to investi-
gate whether particular features of study populations, ex-
ercise programs, and study design were associated with the
size of estimates of effects of exercise on fall rates.

METHODS

Data Sources and Searches

A literature search was conducted in May 2007. OVID was
used to search MEDLINE, EMBASE, and CINAHL. Search
filters developed by the Scottish Intercollegiate Guidelines
Network (SIGN; http://www.sign.ac.uk/methodology/fil
ters.html) to identify randomized trials were combined
with a strategy to identify studies of the effects of exercise
(available from the authors on request) and search terms
from the relevant Cochrane review6 (to identify studies of
falls prevention). The search was supplemented with
searches of PubMed, the Physiotherapy Evidence Database
(http://www.pedro.fhs.usyd.edu.au), SafetyLit (http://www.
safetylit.org/archive.htm), and Prevention of Falls Network
Europe (ProFaNE; http://www.profane.eu.org/). The refer-
ence list of the Cochrane review6 and other reviews and the
updated search results provided by the trial search coordi-
nator of the Cochrane Bone, Joint and Muscle Trauma
Group were also checked.

Study Selection

Published randomized trials conducted in older people in
which the primary intervention being evaluated was exer-
cise and the outcome was number of falls, number of fallers,
or rate of falls were reviewed. Trials were ineligible if non-
exercise interventions were a major (425% of time) com-
ponent of the intervention being evaluated.

To determine eligibility of identified trial reports, two
investigators (CS, RDH) independently scanned titles and
abstracts. If it was clear that the control group received
exercise or the intervention program involved substantial
(425% of time) additional nonexercise interventions, the
study was excluded. The full articles were obtained for the
remaining titles. Differences of opinion of the two investi-
gators about study eligibility were resolved by discussion.

Data Extraction and Quality Assessment

Two of the authors (CS and SRL or JCTC) extracted data on
study characteristics and estimates of effect of exercise from
each study. Differences were resolved by discussion with a
third investigator ( SRL or JCTC).

The quality of study design was assessed by noting
whether allocation to groups was concealed and analysis
was according to intention to treat.9

The studies were described in terms of population
(dwelling situation and risk status), presence and inten-
sity of different exercise program components (addressing
strength, balance, endurance, flexibility, and walking),
broad aspects of the exercise program (amount of supervi-
sion, progression of exercises, modifying in type or intensity
of exercise, adherence to program and overall dose of ex-
ercise), and study design (concealed allocation to groups
and intention-to-treat analysis). Criteria for coding are
summarized in Table 1. The majority of characteristics were
coded on 3- to 5-point scales, but all were dichotomized a
priori for the analysis. For several variables, analyses were
conducted using two different cutpoints for dichotomizat-
ion. The cutpoint that explained the most variability was
used and is reported in the tables.

Five of the trials had two exercise groups and one con-
trol group. For these trials, estimates of the effects of each
exercise intervention were obtained. To avoid ‘‘double
counting’’ of control subjects from these trials, the total falls
and subject numbers in the control group were allocated
in proportion to the participant numbers in each interven-
tion group. There were thus 49 comparisons in the meta-
analysis.

Estimates of the effect of exercise were extracted from
each trial. Where possible, estimates of incidence rate ratios
(IRRs) from negative binomial regression models (6 stud-
ies), person-time analyses (1 study), or hazard ratios from
proportional hazards models that allowed for multiple falls
per person (6 trials) were used. Alternatively, data on the
total number of falls (n 5 20) or number of falls per person
(n 5 6) and exposure times (person-years of follow-up using
actual follow-up times and number of participants provid-
ing data where reported) were used to calculate IRRs.
Three trials reported only the incidence proportions of
fallers in intervention and control groups, and two trials
reported only the hazard ratios for time to first fall.
For these trials, the ratio of incidence proportions or the
hazard ratio was used as an estimate of the IRR. Where
possible, unadjusted falls rates and longer follow-up times
were used (e.g., in an article such as10, which presented
6- and 12-month falls data, the 12-month data were used).

Four of the trials were cluster-randomized. Two of
these accounted for the effect of clustering. For the other
two, the variance of estimates for clustering was adjusted by
assuming an intracluster correlation of 0.01.11,12

Data Synthesis and Analysis

A random-effects meta-analysis was conducted. Compre-
hensive Meta-Analysis software (Version 2, Biostat, Engle-
wood NJ) was used to calculate a pooled IRR.
Statistical heterogeneity was quantified with the I13 and Q
statistics. Publication bias was assessed using Egger’s test.
The pooled effect was also calculated in STATA (Stata
Corp., College Station, TX) using the ‘‘metan’’ command.14

Influence was assessed in STATA using the ‘‘metaninf’’
command.14

Sensitivity analyses were conducted to assess the effect
of excluding the trials for which only risk ratios or hazard
ratios were available and excluding the cluster randomized
trials.
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Heterogeneity was investigated with random effects
meta-regression using the ‘‘metareg’’ command in STATA.14

Univariate meta-regressions were conducted to assess the
associations between each study characteristic and esti-
mates of the effect of exercise. The five strongest predictors
were then entered into a multivariate model, and a back-
wards elimination approach was used to remove those that
did not contribute significantly to the model.15 The best
model was identified by examining the proportion of over-
all between-trial variability explained by each model (as
assessed using the t2 statistic). Subsequent models were
then assessed to determine whether other combinations of
the five variables that explained the most variance in the
univariate analyses could account for similar variability in
exercise effect. The exponentiated coefficients of the meta-
regression models were the ‘‘ratio of rate ratios,’’ which
estimate of the effect of each variable or combination of
variables on the effect of exercise on fall rates. The ‘‘lincom’’
command in STATA was used to assess the effect of specific
combinations of variables from the multivariate models on
the pooled effect of exercise on fall rates.

To assess the extent of correlation between variables,
phi coefficients were calculated for each pair of variables in
the models using SPSS (SPSS, Inc., Chicago, IL). Pairs of

variables were not included in the same models if they had
phi correlation coefficients greater than 0.6.

RESULTS

Trial Flow and Study Characteristics

Searching yielded 171 trials, of which 47 were potentially
appropriate for inclusion in the meta-analysis (Figure 1).16

Two trials were then excluded, because they did not report
sufficient data to estimate effects of exercise on falls, and
one trial was excluded because it presented only 10-year
follow-up data. Five trials had two intervention groups, so
the 44 included trials yielded 49 estimates of the effects of
exercise. The included trials involved a total of 9,603 par-
ticipants. Characteristics of the trials are summarized in
Table 1. The majority of trials were conducted in older
people living in the general community; six trials were con-
ducted in residents of high care residential facilities (nursing
homes). Twenty-nine trials included only participants who
could be defined as being at greater risk of falls. Most of the
exercise programs (n 5 23) evaluated in the trials were con-
ducted under supervision, with fewer than 10 participants
per instructor. In most of the programs, the intensity or type
of exercise was tailored to the individual (n 5 28).

Potentially relevant papers 
identified and screened for 
retrieval (n = 1,107) 

Papers excluded as not RCTs or not 
relevant (n = 936) 

RCTs retrieved for more 
detailed evaluation (n = 171) 

RCTs excluded (n = 124) 
21: included non-exercise 
interventions 
23: control group undertook 
exercise program 
44: falls not reported 
12: not fully randomised 
21: additional 
reports/summaries of included 
trials 
1: language unknown 
2: interventions not considered 
exercise 

Potentially appropriate RCTs to 
be included in the meta-analysis 
(n = 47) 

RCTs excluded from meta-analysis 
(n=3) 

2: adequate falls data not 
available 
1: 10-year follow-up 

RCTs included in meta-analysis  
 (n = 44) 

Figure 1. QUOROM statement16 flow diagram.
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Effects of Exercise on Fall Rates

The pooled estimate of the incidence rate ratio (the effect of
exercise on fall rates) was 0.83 (95% confidence interval
(CI) 5 0.75–0.91, Po.001). There was a moderate to high
level of heterogeneity in estimates of the effects of exercise
(I2 5 62%, Q 5 125.5, degrees of freedom (df) 5 48,
Po.001; Figure 2). No study exerted excessive influence,
because omission of any single study had little effect on the
pooled estimate (the 95% CIs remained between 0.74 and
0.92). There was no conclusive evidence of small sample bias
(Egger’s Test of the Intercept B0 5 � 0.675, 95% CI 5

�4.10–0.06, t 5 1.544, df 5 47, P 5.13, and the funnel plot
of standard error and log rate ratio was quite symmetrical).
Sensitivity analysis revealed similar effects when the meta-
analysis was conducted without the five trials for which only
proportion of fallers or time to first fall were available
(pooled RR 5 0.80, 95% CI 5 0.73–0.89, 43 comparisons)
and when the four cluster randomized trials were omitted
(pooled RR 5 0.82, 95% CI 5 0.73–0.91, 44 comparisons).

Trial-Level Determinants of Effects of Exercise

The proportion of between-study variability in effect sizes
(effects of exercise on fall rates) explained by each of the study

and program characteristics is shown in Table 2. The total
dose of exercise (22%, dichotomized as �50 hours over the
trial period) and the presence of highly challenging balance
training in exercise programs (19%) explained the most vari-
ability. The presence of either of these features in the exercise
programs tested in the included trials was associated with a
greater reduction in fall rates (ratio of rate ratios 5 0.80, 95%
CI 5 0.65–0.99, P 5.04 for dose; ratio of rate ratios 5 0.76,
95% CI 5 0.62–0.93, P 5.009 for balance training).

There was an indication of a lesser effect of exercise on
fall rates in the trials that were conducted in higher-risk
populations; this variable explained 12% of between-study
variability (P 5.09). To explore this finding, a post hoc
analysis was undertaken using the control rate of falls dur-
ing the follow-up period dichotomized at 1 (close to the
median) and 2 falls per person-year. In the 41 comparisons
for which these data were available, there was a lesser effect
of exercise on falls in the trials in which the control groups
had an average fall rate of 2 or more per person-year (ratio
of rate ratios 5 1.36, 95% CI 5 1.05–1.77, P 5.02, 17%
between-study variability explained).

A meta-regression model with three variables ex-
plained 68% of the between-study variability of the effect

Overall  (I-squared = 61.5%, p = 0.000)
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Figure 2. Forest plot from the meta-analysis of exercise on fall rates showing estimates of effect of exercise on falls with 95%
confidence intervals and relative weight for each trial.
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of exercise on fall rates. In this model, each of the predictor
variables (exercise program descriptors) was independently
and significantly (Po.05) associated with the effect of ex-
ercise on falls (Table 2). The regression model was used to
obtain adjusted estimates of the effects of exercise on fall
rates in studies with and without each of the three predictive
characteristics (Table 3). The greatest effects of exercise on
falls (RR 5 0.58, 95% CI 5 0.48–0.69) were obtained from
programs that challenged balance to a high extent, included
a higher total dose of exercise, and did not include a walk-
ing program.

A sensitivity analysis found that excluding the six com-
parisons from studies undertaken in nursing homes had lit-
tle effect on the results. The same three variables were
retained in the model, and the model explained 65% of
intertrial variability.

Models were also developed in which the other two
variables that explained more than 10% of between-study
variability in univariate analyses (a high-risk population and
a tailored exercise program) replaced the variable regarding
the inclusion of walking in an exercise program, but these
models explained less than 50% of between-study variability.

Table 2. Trial-Level Determinants of Effects of Exercise: Univariate and Multivariate Associations

Characteristic

Comparisons with

This Feature, n

Ratio of Rate Ratios

(95% Confidence

Interval)� P-Value

Variance

Explained, %w

Study population

Mainly care facility residents 13 1.17 (0.92–1.49) .19 4

Mainly high-support care facility residents 6 1.16 (0.81–1.65) .41 0

Study population at high risk 29 1.21 (0.97–1.50) .09 12

Average age �75 32 1.05 (0.83–1.33) .66 0

Control group fall rate 42 per person per year
during follow-up period (p1)

10 1.36 (1.05–1.77) .02 17

Type and intensity of exercise

Moderate- or high-intensity strength training 19 1.09 (0.87–1.36) .47 0

High-intensity strength training 5 1.16 (0.81–1.67) .40 0

Moderate- or high-challenge balance training 34 0.75 (0.60–0.94) .01 14

High-challenge balance training 25 0.76(0.62–0.93) .009 19

Moderate- or high-intensity endurance training 20 0.94 (0.75–1.18) .58 0

Stretching program 12 0.89 (0.69–1.15) .37 0

Walking program (any) 27 1.19 (0.96–1.46) .11 9

Longer walking program (�20 minutes) 8 1.07 (0.79–1.45) .67 0

Exercise program features

Supervised exercise 41 0.89 (0.68–1.17) .40 0

Moderately to highly supervised exercise (10 or
fewer participants per instructor)

23 1.16 (0.93–1.44) .18 3

Progressive (monthly or more) 32 1.12 (0.89–1.40) .34 0

More progressive (weekly or more) 14 1.01 (0.79–1.28) .96 0

Intensity or type modified (most exercises) 28 1.21 (0.98–1.49) .08 15

Good adherence 41 0.97 (0.73–1.27) .80 0

Dose with instructor �30 hours 25 0.95 (0.77–1.19) .67 0

Dose of prescribed home program �30 hours 12 0.84 (0.66–1.07) .15 2

Total (instructor and home program) dose
�50 hours over trial

25 0.80 (0.65–0.99) .04 22

Total dose �8 hours per month (p2) 19 1.04 (0.83–1.30) .72 0

Total length of exercise program �12 months (p2) 20 0.98 (0.78–1.22) .83 0

Study design features

Concealed allocation to groups 16 1.05 (0.83–1.32) .69 0

Intention to treat analysis 22 0.91 (0.73–1.12) .36 3

Multivariate (adjusted) 68

High-challenge balance training 25 0.79 (0.66–0.95) .01

Total dose �50 hours 25 0.80 (0.67–0.96) .02

Walking program (any) 27 1.32 (1.11–1.58) .003

�The ‘‘ratio of rate ratios’’ is the estimate of the effect of each variable or combination of variables on the effect of exercise on fall rates.
wThe proportion of between-trial variability (as assessed using the t2 statistic) of the model with no covariates that is explained by model with these variable(s)

included.

(p1) post hoc analyses undertaken to explore importance of not being at high risk. This analysis includes only the 41 trials for which control fall rate data were

available. The percentage variance explained was calculated from the variance in a meta-analysis with these 41 trials only.

(p2) post hoc analyses undertaken to explore importance of total dose.
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DISCUSSION

This systematic review provides strong evidence that exer-
cise programs can reduce fall rates in older people. The
overall reduction of 17% based on 44 trials involving 9,603
participants provides confidence that these findings are ro-
bust and generalizable to a broad section of older people.
Furthermore, the meta-regression analysis model revealed
that three factors (balance training, exercise dose, and
the absence of a walking program) are associated with the
efficacy of exercise programs.

The inclusion of balance training in exercise programs
appears to be important. This finding is consistent with the
Frailty and Injuries: Cooperative Studies of Intervention
Techniques prospective meta-analysis of individual partici-
pant data from eight trials, which found a pooled estimate of
a 17% lower falls risk from exercise programs that included
balance training but not from other forms of exercise.17

Inclusion of balance training may help to explain why
several intervention strategies that appear to be different are
similarly effective in substantially reducing fall rates. For
example, effective programs, such as Tai Chi10 conducted in
a group setting and the home-based Otago Exercise Pro-
gramme,18 primarily include balance training. These trials
also show that, with appropriate prescription and supervi-
sion, exercise that challenges balance can be administered
safely. For example, it has been demonstrated that the
Otago Exercise Programme is feasible and safe for older
people to undertake at home and produced a 35% reduc-
tion in falls and falls-related injury.18

Total exercise dose also explained a significant and in-
dependent amount of variability with regard to the effec-
tiveness of the exercise trials. This finding is consistent with
trials of stroke rehabilitation, which have found better out-
comes with more-intense exercise.19 The measure of exer-
cise dose combined frequency of exercise on a weekly basis
with program length, and this measure proved to be supe-
rior in discriminating between less-effective and more-
effective trials than weekly exercise frequency or program
length when analyzed separately. Although programs var-
ied markedly with regard to these factors, the criterion for a
minimal effective exercise dose would equate to a twice-
weekly program running over 25 weeks. This finding has
important implications for service delivery, because many
programs are offered for shorter periods than this, typically
for 10 weeks. Strategies for achieving long-term exercise par-
ticipation could include combining supervised group exercise
with interspersed or follow-on home exercise programs.

Exercise programs that did not include walking re-
duced fall rates more than exercise programs that involved
walking. One explanation might be that participants are
exposed to greater risk of falls while walking, although the
published trials do not indicate that many falls occurred
when participants were undertaking the prescribed walking
programs. An alternative explanation is that time spent
walking takes the place of time spent undertaking balance
training (the most effective exercise) in time-limited pro-
grams. Falls are not the only important outcome for exer-
cise trials in older people, and other studies have shown that
walking programs have health benefits including improved
fitness, weight loss, and lower blood pressure.20 For these
reasons, walking programs could be included in exercise
programs for older people, but if fall prevention is the pri-
mary aim, walking programs should be included only if they
are in addition to a balance training program of adequate
intensity and duration. Ideally, there should also be some
assessment of whether a walking program will unduly in-
crease the risk of falls for individual participants. Further
research into the relationship between walking programs
and falls is required.

There is an indication that lesser relative reductions
in fall rates were seen in studies of exercise that included
people at a high risk of falls. This provides support for a
population-based approach to falls prevention with appro-
priate exercise. However the absolute effects of exercise
may be greater in high-risk populations, such as nursing
home residents or those with previous falls. For example,
one trial21 found a 31% difference between fall rates in the
intervention and control groups in a sample of multiple
fallers in which the control group fall rate was 3.2 falls per
person-year. This equates to the prevention of 1 fall per
person-year. A trial in a lower-risk population in which
the control group rate was 0.52 falls per person-year22

found a 51% between-group difference, which represented
the prevention of 0.27 falls per person-year. It could also be
argued that the consequences of falls (e.g., fracture rates,
hospital admissions, and moves to institutional care) may
also be more significant in higher-risk populations. For
these reasons, exercise for falls prevention should be un-
dertaken in populations at high risk and in the general older
community.

The studies that were conducted in high-risk popula-
tions were more likely to include walking programs
(phi 5 0.42, P 5.003) and modified exercise (phi 5 0.46,
Po.001). No two of these three variables simultaneously
made an independent contribution to the models. Thus it is
possible that risk status confounds the effect of walking and
modifying of exercise on falls.9

Although poorer muscle strength is a risk factor for
falls,23 the presence of moderate- or high-intensity strength
training was not found to be associated with a greater effect
of exercise on falls. This finding is more definitive than
previous meta-analysis findings. One previous study7 found
some indication of an effect of strength training on the
proportion of fallers (pooled adjusted risk ratio from 9
studies was 0.82, 95% CI 5 0.48–1.41) but not on the rate
of falls (pooled adjusted incidence RR from 14 studies was
1.04, 95% CI 5 0.76–1.42), and another17 found the
pooled effect of resistance training on falls to be 0.96
(P 5.59). It is likely that impaired balance is a stronger risk

Table 3. Adjusted Effects of Exercise on Falls

Program

High Balance

Challenge

Mod-Low Balance

Challenge

Adjusted Pooled Rate Ratios

(95% Confidence Interval)

High dose and walking 0.76 (0.66–0.88) 0.96 (0.80–1.16)

High dose, no walking 0.58 (0.48–0.69) 0.73 (0.60–0.88)

Low dose and walking 0.95 (0.78–1.16) 1.20 (1.00–1.44)

Low dose, no walking 0.72 (0.60–0.87) 0.91 (0.79–1.05)

The adjusted pooled rate ratios estimate the effects of exercise on fall rates in

trials with different combinations of exercise program components.
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factor for falls than poor muscle strength and that this
finding is in keeping with previous findings that strength
training increases strength but has less-clear effects on bal-
ance abilities.24,25 Nevertheless, the relationship between
strength and falls may be nonlinear. This may mirror the
nonlinear relationship between strength and gait speed26

(i.e., once a person has sufficient strength to avoid falling,
further strength training may not be of additional benefit).
Like walking programs, strength training is likely to pro-
vide many older people with other health benefits,25,27 but
it does not seem to be the optimal intervention for falls
prevention.

This systematic review had certain limitations. First,
because a meta-regression of trial-level characteristics was
used, some caution is warranted when interpreting the
findings.28 The analysis permits inference only about the
effects of trial-level characteristics (e.g., whether the trial
included high-risk participants or average exercise dose) on
trial-level estimates of effects of exercise. Inferences cannot
be made about the effects of the characteristics of individ-
uals (e.g., presence of risk factors in individual participants)
or of participant-specific features of the intervention (e.g.,
the dose of exercise given to an individual) on the effects of
exercise on falls risk in individual participants.29 Despite
multivariate adjustment, there is the possibility that the
conclusions are subject to confounding by unmeasured
variables or by failure to adjust completely for measured
variables. There is also a possibility that the coding of pro-
gram content does not reflect the real nature of the pro-
gram, because the coding was based on the short
descriptions of often-complex programs in the published
articles. Nonetheless, the findings are consistent with the
little that is known about optimal exercise protocols from
analyses at the level of individual participants.17

In conclusion, this analysis confirms that exercise can
reduce fall rates in older people and identifies the important
components of effective exercise intervention strategies. It
confirms the importance of balance training in falls pre-
vention and the need for exercise to be sustained over time.
Service providers can use these findings to design and im-
plement exercise programs for preventing falls.
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