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ABSTRACT

Means KM, Rodell DE, O’Sullivan PS: Balance, mobility, and falls among
community-dwelling elderly persons: Effects of a rehabilitation exercise program.
Am J Phys Med Rehabil 2005;84:238–250.

Objective: To assess the short-term effect of an exercise-based rehabilitation
intervention on balance, mobility, falls and injuries.

Design: This randomized, controlled trial with repeated measures was per-
formed at an outpatient rehabilitation center. Elderly, ambulatory, community-
dwelling volunteers underwent 6 wks of supervised stretching, balance, endur-
ance, coordination, and strengthening exercises. Controls attended seminars.
Data were recorded for time and quality performance on a functional obstacle
course and for self-reported falls and injuries.

Results: From baseline through 6-mo follow-up, participants in the exercise
group (n � 122) significantly outperformed those in the control group (n � 83).
The exercise group’s functional obstacle course quality improved 2.3% postint-
ervention and 1.57% at follow-up compared with 0.3% for the control group for
each time period (P � 0.001). Functional obstacle course completion time
improved 7.69% at postintervention and 8.35% at follow-up for the exercise
group compared with 4.0% and 3.4% for the control group. Of baseline fallers
in the intervention group, 87% (compared with 34.5% for the controls) reported
no falls in the subsequent 6 mos. Of those reporting injuries in the 6 mos
preintervention, 89.7% in the intervention group (compared with 55.6% for
controls) reported no injury at 6 mos postintervention.

Conclusions: Our intervention can improve functional performance and protect
against falls and fall-related injuries.
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Falls and fall-related injuries are important
problems affecting older persons. Studies have
shown that approximately one third of community-
dwelling persons over the age of 65 yrs experience
one or more falls each year.1,2 Approximately 24%
of persons who fall will sustain a serious injury
requiring medical attention or resulting in a frac-
ture or activity restriction.2 Accordingly, even a
first fall can be devastating to an individual older
person. Mobility loss increases the risk of subse-
quent falls and injuries3,4 and also may limit full
participation in daily activities. Mobility limitation
is potentially modifiable through rehabilitation.5,6

Mounting evidence from randomized clinical
trials suggests that therapeutic exercise is a valu-
able tool in the prevention of falls, especially when
employed as part of a comprehensive strategy tar-
geting multiple intrinsic, environmental, and be-
havioral risk factors that contribute to falls.7 Stud-
ies that have successfully utilized exercise to
reduce falls have varied in their subjects and in the
mode, frequency, intensity, duration, and setting of
the exercise.8

Although community-residing elderly persons
have at least some risk of future falls9 and there is
evidence that balance and mobility can be im-
proved in the nonfalling elderly population,10,11

most falls prevention efforts have targeted elderly
persons considered to be at the highest risk for
falling, based on various risk identification meth-
ods. Less is known about the outcome of these
same interventions when applied as a primary pre-
vention to persons with no significant risk for
falling. Whether any improvement in balance and
mobility will benefit this lower risk nonfalling
group by preventing future falls is unclear.

Several clinical indicators of balance and mobil-
ity, such as activity level, the presence of neurologic
symptoms, muscle strength, and joint flexibility, are
associated with functional performance.12 These in-
dicators also have been linked to falling among com-
munity-residing older persons.12–15 Participation in
an intervention program to improve balance and mo-
bility may improve functional performance and pre-
vent falls by influencing some of these clinical and
physiologic factors. Evaluation of balance and mobil-
ity before and after intervention may help elucidate
which factors are altered and contribute to positive
outcomes.

The purpose of this study is to assess the short-
term effect of participation by community-dwelling
elderly persons with and without a history of falls
in a rehabilitation intervention, including an exer-
cise program of moderate intensity, designed to
improve balance and mobility. Our primary out-
come measures are completion time and perfor-
mance quality on a functionally oriented obstacle

course (FOC). Secondarily, we measured the influ-
ence of the intervention program on health out-
comes related to balance and mobility and on sub-
sequent falls and fall-related injuries.

We tested the following null hypotheses:

1. There were no differences between persons who
participated in the intervention program and
controls who did not participate in FOC perfor-
mance before, immediately after, or 6 mos after
the intervention.

2. There were no differences between those with and
without a history of falls in FOC performance at
preexercise, postexercise, and 6 mos postexercise.

3. There were no group-by-time periods of the
study interactions on the four secondary health
measures: activity level, symptoms of balance
and mobility dysfunction, range of motion, and
muscle strength.

4. There were no differences in number of falls or
fall-related injuries at preexercise and 6 mos pos-
texercise for the intervention and control groups.

METHODS
Study Design

This was a prospective, randomized, controlled
study. We used a repeated-measures experimental
design to test the effect of our intervention on
functional balance and mobility performance using
our main outcome measures, FOC and self-re-
ported falls and injuries, and secondary measures.
Functional balance and mobility refers to balance
and mobility skills required for tasks commonly
encountered in or around the home during daily
activities. All consenting volunteers were evaluated
and then immediately randomized into interven-
tion or control groups. Evaluations were con-
ducted at baseline, postintervention (or control),
and at 6 mos postintervention (or control).

Study Participants
Our local institutional review board approved

the study. We recruited participants from among
persons attending 17 senior citizens’ centers oper-
ated by the Central Arkansas Area Agency on Aging.
The centers were distributed throughout central
Arkansas, representing an ethnically and socio-
economically diverse community sample. We re-
cruited participants from all 17 of these centers
by putting on presentations at each center. These
presentations were advertised in advance by fly-
ers and signs posted inside the center. Additional
participants were recruited through advertise-
ment in a statewide newspaper. All participants
gave informed consent.

Our sample size was determined by estimates
based on FOC performance from a pilot intervention
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study involving fallers and nonfallers (unpublished
data). In that study, we found that a preintervention
to postintervention difference in FOC completion
time of �20 secs was due to learning effect because
this represented the maximum FOC change found on
immediate retest of subjects who completed two FOC
trials. Based on the FOC completion time of 20 secs
as the minimum detectable performance change due
to therapeutic effect, we determined that for each of
four groups (fallers, nonfallers, intervention, and con-
trols), we needed a minimum of 31 participants to
demonstrate a 10% improvement in FOC completion
time with a power of 80%. We anticipated attrition
both at the time of randomization and with follow-up
and therefore planned to recruit 2.5 times the
number needed.

Inclusion criteria were: age of 65 yrs or older,
the ability to walk at least 30 feet with or without
an assistive device and without physical assistance
from others, and the ability to comprehend in-
structions and give consent. We excluded persons
residing in a nursing home, having acute medical
problems or cognitive impairment that was appar-
ent to the physiatrist evaluator at the time of ex-
amination, and those hospitalized within the past
month. When cognitive impairment was suspected
by the physiatrist, a Mini-Mental Status Examina-
tion was administered by an investigator. Partici-
pants were included if they had a Mini-Mental
Status Examination score of �24.

Data Collection Setting
Data were collected and exercise sessions con-

ducted within therapeutic areas of the Physical
Medicine and Rehabilitation Service within our
medical center. Participant interviews and exami-
nations were conducted in private areas and oc-
curred during late morning or early afternoon
hours. All exercise sessions occurred during late
morning or early afternoon weekday hours. The
control group attended seminars held in a class-
room within our medical center.

FOC and Procedure
We conducted all testing in an easily accessi-

ble, well lighted space with vinyl tile floors. We
minimized distractions during testing. All research
staff received training from the investigators in the
protocols and used standard procedures.

A detailed description of the original layout,
procedures, and scoring system of the FOC has
been reported previously.16–18 A full description of
the FOC is available from the authors. Briefly, the
FOC consists of 12 simulations of functionally ori-
ented mobility tasks or situations commonly en-
countered in and around home during functional
activities. The obstacles are intended to challenge
physiologic systems involved in balance and ambu-

lation. Four stations have different floor textures,
two other stations have graded surfaces, two have
different types of stairs, and four stations require
discrete functional tasks and object negotiation,
such as opening and closing a door, arising from a
chair, and stepping over foam cylinders. Complet-
ing the obstacle course required that the subject
walk a specified path within the testing area, tra-
versing the equivalent linear distance of approxi-
mately 106 meters. Participants were allowed to
rest during the obstacle course, if necessary. Rest
periods that occurred did not affect the partici-
pants’ qualitative or elapsed time scores.

We carefully prepared the participants to go
through the obstacle course using uniform instruc-
tions that were read to them by a staff member. After
the participants heard the instructions, the staff
member walked through the obstacle course so that
the participants could see how to proceed and to
reduce any fear they might have about the obstacles
that they would encounter. The staff member empha-
sized that it was not a race and that different individ-
uals would go through at different speeds, and we
asked them to go through the obstacle course at a
comfortable pace for them. Participants were told
that we were looking at how steady they were as they
went through the obstacle course. Participants were
not told that they were being timed.

We videotaped all FOC evaluations with a SONY
TR6 camcorder with an on-screen timer. We obtained
the time required to complete the FOC from the
videotape by recording the elapsed time from the
start of the first obstacle to the completion of the last
obstacle. A trained research assistant blinded to par-
ticipants’ other clinical data scored the videotaped
FOC performances for quality and obtained FOC
completion time scores from the times on the video
recordings using procedures previously de-
scribed.17,18 A copy of the FOC scoring criteria and
form are available from the authors. Quality scores
for the FOC ranged from unable to complete a task
without assistance (0) to no observed difficulty or
unsteadiness (3) while completing the task. We
summed the 12 quality scores to obtain overall qual-
ity (range, 0–36). Higher scores indicated greater
steadiness. Interrater agreement of the FOC (�0.98)
and evidence for its test–retest reliability (0.99), con-
struct validity, and concurrent validity compared
with other balance and mobility indicators have been
reported.13,19 Evidence of predictive validity for the
FOC was found in a group of community-based el-
derly persons.12

Descriptive and Demographic Data and
Secondary Health Outcomes

A research assistant trained by the principal
investigator obtained descriptive and demographic
information, including age, race, and sex, during a
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structured interview. The research assistant asked
participants how much assistance they required to
carry out their activities of daily living, including
bathing, toileting, medicating, dressing the upper
body and lower body, and continence status. Par-
ticipants reported how often they walked, whether
they needed assistance walking, how often they got
out of their home, and the distance traveled from
their home using the following self-rating response
options: independent and active (0), mildly (1),
moderately (2), or severely restricted with limited
physical activity (3). We combined and summed
each of these four ratings to create the variable
ACTIVITY. Possible ACTIVITY scores ranged from 0
to 12, where a high ACTIVITY score indicated min-
imal activity and a low score indicated an indepen-
dent and active individual.

A physiatrist obtained a medical history and
recorded the presence of balance dysfunction
symptoms. These symptoms included the presence
of dizziness, vertigo, syncope, generalized weak-
ness, fatigue or pain, visual problems, and lower
limb weakness or numbness or tingling. Dichoto-
mous responses (yes � 1 or no � 0) to the pres-
ence or absence of these ten self-reported balance
dysfunction symptoms were summed and called
SYMPTOMS. A physical therapist on the research
staff evaluated as either normal (0) or limited (1)
the range of motion bilaterally from selected joints
(hip abduction/adduction, hip flexion/extension,
knee flexion/extension, ankle plantarflexion/dorsi-
flexion, ankle eversion) in all participants. The
summed variable was called ROM. Possible ROM
scores ranged from 0 (normal range of motion) to
10 (limited range of all tested joints bilaterally).
The same physical therapist did bilateral manual
muscle testing of eight paired muscle groups (hip
flexors, hip extensors, hip abductors; knee flexors
and extensors; ankle dorsiflexors, everters, and
plantar flexors). Muscle strength was rated on each
side from no active voluntary movement (0) to
normal strength (5). These ratings were summed to
create the score STRENGTH. Possible STRENGTH
scores ranged from 0 (paralysis) to 80 (normal
strength in all tested muscle groups). A universal
goniometer and standard goniometry and manual
muscle testing techniques were used by the phys-
ical therapist as references for the ROM and
STRENGTH testing procedures.20,21

Randomization and Blinding
After giving informed consent and completing

the baseline evaluation, participants were random-
ized into intervention and control groups. We used
a simple randomization method (coin flip) for all
participants.22 In a pilot sample of elderly persons,
we tested a computer-generated method of random
assignment compared with the simple coin flip

method of randomization (unpublished data). For
that pilot sample, the outcome from the simple
randomization method was much more readily ac-
cepted than computer-generation of random as-
signment. Pilot subjects tended to be suspicious of
the computer and felt that the coin flip was more
“fair.” A research staff member not involved in data
collection supervised the randomization process
and scheduled participants to start in their as-
signed intervention or control group.

This was a single-blind study. Participants
were aware of their group assignment. However,
group assignment information was closely held by
the research staff member responsible for supervis-
ing group assignment. All participants were asked
not to disclose their group status to research staff
members or to other participants outside their own
intervention or control group. Research staff mem-
bers involved in collection of evaluation data did
not know the participants’ group assignment at the
time of their evaluation.

Fall and Injury Data
For history of falls, a physiatrist interviewed

each participant. We defined a fall as any involun-
tary change from a starting position of bipedal
support (standing, walking, bending, reaching,
etc.) to a position of no longer being supported by
both feet, accompanied by (partial or full) contact
with the ground or floor. Syncopal falls were ex-
cluded. This definition of a fall is consistent with
that used in several other studies including the
multi-center cooperative frailty intervention (FIC-
SIT) trials funded by the United States National
Institute on Aging in the 1990s.23 Participants self-
reported the number of falls experienced within 6
mos before study entry. We obtained a self-report of
the description and number of fall-related injuries,
defined as any detectable residual adverse physical
change persisting beyond 1 hr after the fall.

Study participants recorded prospective data
on falls and fall-related injuries at least weekly
during each month on preprinted postcards. Par-
ticipants reported the postcard data by telephone to
study personnel or mailed the postcards at the end
of each month until returning to be re-tested 6
mos after completing the intervention (or control)
period. Research assistants telephoned noncorre-
spondents to optimize compliance. We summa-
rized falls and fall-related injury data for individu-
als we studied for 6 mos preintervention (baseline)
and 6 mos postintervention.

Balance Rehabilitation Intervention
The intervention was an enhanced version of a

program previously described16 (Appendix). The in-
tervention included a 6-wk program of active
stretching, postural control, endurance walking,
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and repetitive muscle coordination exercises. We
enhanced the original program by including
strengthening exercises for the abdominal (supine
curl-ups), upper limb (seated push-ups), and lower
limb (leg extensions, leg curls, and side-lying leg
lifts) muscles. A licensed physical therapist, with
�8 yrs of clinical experience, supervised all exer-
cise sessions. The program intentionally started at
a low level of intensity (low frequency and repeti-
tions) of individual exercises and was progressive.
The actual frequency, repetitions, and resistance of
the exercises were adjusted individually so partici-
pants could exercise at a subjectively moderate
intensity. Intensity was guided by subjective rat-
ings of perceived exertion.24 For the first week,
participants were encouraged to exercise at a fairly
light level (equivalent to 11 on the 16-point Borg
ratings of perceived exertion scale). In subsequent
exercise sessions, participants were encouraged to
exercise at a level of intensity that was somewhat
hard (equivalent to 13 on the ratings of perceived
exertion scale). The goal was to increase exercise
intensity over the course of the 6-wk program.
Training sessions were held three times per week
for 6 wks and lasted approximately 90 mins, includ-
ing warm-up and cool-down.

Participants attended the sessions in groups of
six to eight. To improve our chances of demon-
strating an effect of exercise by an improvement in
balance, mobility, and other variables, we adopted
relatively strict criteria for continued participation.
Participants who missed more than three consec-
utive or five total exercise sessions were considered
drop-outs from the study. These criteria are con-
sistent with training principles.25

Participants in the control group attended a
series of seminars on various, non–health-related
topics of general interest to senior citizens (fraud
prevention, tax preparation, gardening, fire safety,
pet care, fishing, genealogy, etc.). Community vol-
unteers knowledgeable in these respective areas
presented the seminars and were available to an-
swer questions and interact with attendees. The
seminars were held in groups of 20 persons or less.
At least one research staff member was present at
all of the seminars to interact with the control
group participants and to record attendance. The
amount of time spent in the seminars by control
participants was equal to the amount of time that
other participants spent in exercise sessions. Con-
trol group participants who missed more than
three consecutive or five of the 18 total seminar
sessions were considered drop-outs from the study.

Data Analysis
We provided descriptive statistics for all vari-

ables collected at each of the three study time
periods. We assessed the difference between drop-

outs and those who remained in the study on
baseline variables using t tests. The level of signif-
icance was set at 0.008 using a Bonferroni adjust-
ment for multiple tests. We examined the pattern
of dropping out of the study with �2 analyses. We
analyzed the hypotheses using a three-factor re-
peated-measures analysis of variance. Two factors
were between subjects, intervention (experimental
or control) and fall status (faller or nonfaller), and
one was within subjects, time study periods (base-
line, immediate postintervention, 6 mos postinter-
vention). The primary interest was in the interac-
tion hypothesis of intervention � study period
time. In analysis of variance, if an interaction is
significant, the results should be explored by ana-
lyzing the interaction rather than the separate
main effects. Because we conducted separate anal-
yses for FOC completion time and quality, we split
the alpha and set it at 0.025 for each variable. We
analyzed the secondary health measures similarly
and reported the obtained P values. The type 1
error was distributed across all four variables, thus
requiring a P of 0.0125 to be significant. For falls
and fall-related injuries, we dichotomized the data
into those who experienced no fall or injury and
those who experienced one or more. We conducted
a McNemar test to determine significant changes
from 6 mos before the intervention to 6 mos after-
ward. Alpha was set at 0.025 for each analysis: the
intervention group preintervention/postinterven-
tion comparison for falls and injuries and the con-
trol group preintervention/postintervention com-
parison for falls and injuries.

RESULTS
A total of 338 persons consented to participate.

More participants were randomized by virtue of the
coin flip to the exercise intervention than to the
control. There were 181 participants randomized
into the intervention group, including 80 fallers
(44%) and 101 nonfallers (56%). A total of 157
participants were randomized into the control
group, including 59 fallers (38%) and 98 nonfallers
(62%). No falls or other adverse events occurred
during the exercise sessions. Figure 1 describes
study attrition. Control group members were more
likely than intervention members to drop out of
the study. Attrition did not differ for fallers and
nonfallers. Those who dropped out of the study
were less active and had less muscle strength than
those who stayed (t tests each at P � 0.008).
However, those who stayed in the study and those
who dropped out (t tests each at P � 0.008) did not
differ in FOC completion time and quality, ROM,
and symptoms. We compared those assigned to the
exercise group with those assigned to the control
group for their age, obstacle course time, obstacle
course quality, activity level, range of motion, mus-
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cle strength, and symptoms of balance dysfunction
using a two-way analysis of variance (fall and in-
tervention status). There were no significant fall sta-
tus by group interactions. There were no significant
differences between the exercise and control group
on these variables. In all cases, the fallers were sig-
nificantly poorer performers than nonfallers.

We retained 62% of all participants during the
6-mo study period. The final sample size was 210

participants, including 123 exercise intervention
participants and 87 control group participants,
with complete data available on 205 people. Over-
all, 57% of the study participants were women,
89% were white, and 67% were married. Partici-
pants in both intervention and control groups were
a mean of 73.5 yrs old. There were no differences
between intervention and control participants on
these demographics. For the falls and fall-related

FIGURE 1 Flow diagram showing numbers and timing of randomization to exercise intervention or control
groups.
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injuries data, we were able to match 238 partici-
pants, not all of whom had sufficient data for the
previous analyses.

FOC Data
Our results support rejecting our first two

hypotheses. The intervention did have an effect on
obstacle course performance and fallers were al-
ways poorer performers than nonfallers. Table 1
provides summary data for FOC performance for
the intervention and control groups at the three
evaluation times. Fallers always performed signifi-
cantly poorer than nonfallers, but there was never
a faller by group interaction. Therefore, there is no
reason to suggest that the intervention differen-
tially affected fallers and nonfallers. For obstacle
course time, the seconds it takes to go through the
obstacle course differed over the three time periods
of the study according to the repeated-measures
analysis of variance (P � 0.001). There was only
one significant interaction, group by study period
time (P � 0.001). Thus, the results are discussed
separately for the intervention and control groups.
At baseline, intervention group participants aver-
aged 244 secs to complete the FOC. At the end of
the intervention phase of this study, the average
completion time had dropped to 226 secs—a sig-
nificant improvement of 7.4%. Six months after
the intervention ceased, the FOC completion time
remained stable at 224 secs, equivalent to postint-
ervention values and 8.2% over baseline. The in-
tervention improved and sustained FOC comple-
tion time performance. In contrast, controls
averaged 235 secs to complete the FOC at baseline.
After attending the seminars, average completion
time dropped nonsignificantly to 226 secs—a 4.0%
improvement over baseline. By 6 mos after the
seminars, FOC completion time remained stable at
227 secs—a 3.4% improvement over baseline. FOC
completion time differences among these three
times were not significant.

For FOC quality, the only significant interac-

tion was group by time period of the study (P �
0.016). Out of a maximum possible 36 quality
points on the FOC, intervention group participants
received an average of 33.1 points at baseline and
increased significantly after the intervention to
33.8. This 0.7-point improvement represents a
2.1% increase over baseline. By 6 mos after the
intervention, average FOC quality was 33.6, indi-
cating a small, nonsignificant decline from the
postintervention (1.5% over baseline). For the con-
trol group, average FOC quality score was 33.5 at
baseline and 33.6 after completing the seminar
program. This change was not significant and was
0.3% improvement over baseline. Six months after
completing the seminars, mean FOC quality re-
mained at 33.6.

Secondary Health Outcomes
Table 2 provides participants’ mean scores on

secondary health outcomes. For two participants,
we failed to obtain secondary health outcomes. As
a test of our third hypothesis, there were signifi-
cant group-by-time periods of the study interac-
tions, indicating that these measures were affected
differently in the intervention and control groups
during the study. The significant findings were for
activity and range of motion using our stringent P
value of 0.0125. The intervention group became
more active during the intervention period but
returned to baseline 6 mos later. The intervention
group improved in muscle strength and declined
but remained above baseline level 6 mos later,
whereas the control group remained relatively con-
stant across the periods of the study.

Follow-up Data on Falls and Fall-Related
Injuries

We had matched data for 144 intervention
group participants for falls and injuries for 6 mos
before and 6 mos subsequent to the intervention.
As a test of our fourth hypothesis, we found signif-
icant differences due to the intervention. Before

TABLE 1 Exercise intervention (study) and control (ctrl) group participants’ performance on the functional obstacle
course (FOC): Time and quality mean values (standard deviations)

FOC Baseline Postintervention Follow-up

Fall
Status Faller Nonfaller Total Faller Nonfaller Total Faller Nonfaller Total

Group Study Ctrl Study Ctrl Study Ctrl Study Ctrl Study Ctrl Study Ctrl Study Ctrl Study Ctrl Study Ctrl

n 46 29 76 54 122 83 46 29 76 54 122 83 46 29 76 54 122 83
Time Mean 263 250 233 226 244 235 239 240 217 218 226 226 239 245 215 217 224 227

SD 105 104 66.7 84.7 83.9 92 87.6 97.4 60.9 71.3 72.6 81.5 85.7 98.8 57.2 56.8 70.1 74.8
Quality Mean 32.2 32.9 33.6 33.9 33.1 33.5 33.3 32.7 34.1 34.1 33.8 33.6 33.3 31.7 33.7 33.6 33.6 33

SD 5.76 4.14 3.29 3.13 4.41 3.52 4.57 3.43 3.23 3.07 3.79 3.25 4.72 5.52 3.37 3.07 3.92 4.16

Intervention group � time (baseline, postintervention, follow-up) interaction significant for both time (P � 0.016) and quality (P � 0.001). Of
the 210 participants completing the study, complete FOC data were available for 205.
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intervention, the exercise group experienced an
average of 2.01 falls (SD � 15.30; range, 0–180;
93% with three or fewer falls) and 1.05 fall-related
injuries (SD � 7.57; range, 0–90; 97% with six or
fewer injuries). For controls, there were 94 indi-
viduals with data from the two time periods. The
comparable mean values for the control group
were 0.48 (SD � 0.89; range, 0–5) and 0.31 (SD �
0.82; range, 0–6). After the intervention, the exer-
cise group experienced an average of 0.24 falls
(SD � 0.74; range, 0–6) and 0.18 injuries (SD �
0.67; range, 0–6). Comparable mean values for
controls were 0.59 falls (SD � 1.01; range, 0–5)
and 0.52 injuries (SD � 1.20; range, 0–5).

Due to the large variances, we dichotomized
these variables into either having no falls or inju-
ries or having one or more. Table 3 reports the
results. The intervention had significantly more
people shift toward no falls subsequent to the in-
tervention period than did the control group. In
fact, for the intervention participants who had re-
ported a fall in the preceding 6 mos (n � 46), 87%

reported no falls in the following 6 mos. For the
control group, the comparable percentage was
34.5%, with 10 of the 29 who had reported a fall
now having no falls. For fall-related injuries, the
results were not significant at our stringent P
value. Of the 29 exercisers who reported injuries in
the preceding 6 mos, 26 (89.7%) now reported no
injuries in the subsequent 6 mos. For the controls,
the comparable percentage was 55.6% (10 of 18
who had reported fall-related injuries).

DISCUSSION
Our intervention had modest, statistically sig-

nificant effects in improving obstacle course per-
formance and in reducing falls and injuries. Our
secondary health measures also improved, suggest-
ing a beneficial effect of our intervention. To inter-
pret these findings, a discussion of our current
findings relative to our previous work and the work
of others is warranted.

Meaningfulness of the Current Findings
Relative to Our Previous Work

We previously conducted a pilot study16 of 99
elderly persons with a history of recent falls using
measurements similar to those in the current
study. There was no control group in the pilot
study. All participants received an exercise inter-
vention. The pilot study found (1) clinically impor-
tant but statistically not significant improvement
in FOC quality (5% improvement) and FOC com-
pletion time (15% decrease) after a 6-wk exercise
intervention; (2) a relatively high dropout rate of
34% during the intervention period; (3) no signif-
icant change in preintervention to postinterven-
tion falls and fall-related injuries; and (4) after the
intervention, joint range of motion increased sig-
nificantly and there were small improvements in

TABLE 2 Mean values (standard deviations) for intervention (exer) and control (ctrl) groups for secondary health
outcomes for the three time periods

Baseline Postintervention Follow-up

P

Fall
Status Faller NonFaller Total Faller NonFaller Total Faller NonFaller Total

Assign exer ctrl exer ctrl exer ctrl exer ctrl exer ctrl Exer ctrl exer ctrl exer ctrl exer ctrl

N 45 29 75 55 120 84 45 29 75 55 120 84 45 29 75 55 120 84
ACTIV Mean 2.84 2.55 2.63 2.05 2.71 2.23 2.38 2.66 2.21 2.53 2.28 2.57 2.58 2.93 2.77 2.73 2.7 2.8 �0.001

SD 1.85 1.96 1.99 1.43 1.93 1.64 1.76 1.91 2 1.54 1.91 1.67 1.9 2.53 2.32 2.05 2.16 2.22
ROM Mean 557.5 563.7 572.3 559.6 566.7 560.9 565.7 545.3 573.8 560.1 570.7 555.2 556.6 550.2 572.9 556.6 566.7 554.5 0.006

SD 58.2 64.88 46.33 49.34 51.41 54.57 55.13 65.96 43.03 49.25 47.9 55.34 59.26 67.13 43.09 56.17 50.21 59.66
STREN Mean 76.52 76.55 78.52 78.93 77.77 78.07 78.91 77.47 79.30 78.90 79.16 78.38 77.53 76.95 78.77 78.78 78.30 78.12 0.024

SD 7.29 6.40 2.52 2.19 4.95 4.34 3.42 4.40 1.82 1.93 2.53 3.11 4.45 4.66 3.19 2.44 3.75 3.50
SYMPT Mean 5.62 4.93 3.79 3.25 4.48 3.83 5.27 5.1 3.44 2.76 4.13 3.57 4.64 4.93 3.04 3.35 3.64 3.89 0.015

SD 2.45 2.27 2.43 2.08 2.59 2.28 3.19 2.78 3.04 2 3.21 2.54 2.82 2.98 2.41 2.87 2.68 2.99

ACTIV, activity (low is more independent); ROM, range of motion (low is normal); STREN, muscle strength (low is weaker); SYMPT, symptoms
of balance dysfunction (low is fewer symptoms). P is for the intervention group � time (baseline, postintervention, follow-up) interaction, indicating
the effect of group assignment over this time.

TABLE 3 Falls and fall-related injuries

Exercise
(n � 144)

Control
(n � 94)

Falls, % (n) None None
6 mos before

intervention
68.1 (98) 69.1 (65)

6 mos after
intervention

84.7 (122) 61.7 (58)

P 0.002 0.25
Injuries, % (n) None None

6 mos before
intervention

79.9 (115) 80.9 (76)

6 mos after
intervention

89.6 (129) 77.7 (73)

P 0.034 0.68
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strength and a small reduction in balance dysfunc-
tion symptoms.

The findings of our current study were statis-
tically significant but clinically modest in terms of
FOC performance. The 18- to 20-sec improvement
in obstacle course time for the exercise group was
consistent with the effect used to estimate our
sample size. That estimate was based on individuals
completing the obstacle course in two successive
efforts within a brief interval (minutes). The fact
that we used a single FOC trial and demonstrated
this same time improvement over a prolonged pe-
riod (6 wks and 6 mos) suggests that the improve-
ment is due more likely to the intervention than
just to familiarity. Of possibly greater clinical im-
portance was the current finding of a statistical
reduction in falls and fall-related injuries.

In both studies, the intervention reduced symp-
toms of balance dysfunction, increased activity, and
improved muscle strength. The change in strength
was expected given that we enhanced our original
exercise intervention by adding strengthening exer-
cises. The improvement in muscle strength was sta-
tistically significant, but the magnitude of the change
was clinically small and occurred at the high end of
the scale. Most of our relatively vigorous ambulatory
study population had muscle strength scores �76
(maximum � 80). Therefore, we are unable to gen-
eralize the effects of the intervention to less vigorous
individuals. The relatively high FOC quality scores
(and the limited opportunity for qualitative FOC im-
provement) also may be explained by relatively mild
impairment in our study population.

Meaningfulness of Our Work Relative to
the Work of Others

Studies measuring the effects of exercise-based
interventions on balance, mobility, and falls have
used a range of methods and have produced mixed
results. The variability in methods makes meaning-
ful comparison to our results difficult. To facilitate
comparison, we chose several studies with the fol-
lowing characteristics: (1) randomized studies with
a control group, (2) studies using community-
dwelling older persons as the target population, (3)
exercise-based intervention studies that used mul-
tiple exercise modes, and (4) studies that included
the improvement of balance and mobility reduc-
tion and the reduction or prevention of falls as
outcome measures.

We examined four other studies with results
similar to our own. Lord et al.26 compared 100
community-dwelling older persons receiving 12
mos of group exercise sessions meeting for 1 hr
twice weekly with 97 controls. At 1 yr, the exercise
group improved their balance but had no reduction
in falls. Campbell et al.27 used an indirectly super-
vised home-based exercise program (n � 116)

compared with social visits by a nurse (n � 117).
After 6 mos, their results were similar to ours.
Tinetti et al.28 using a baseline assessment of risk
factors, developed individualized interventions, and
enrolled 153 participants in a 3-mo home-based
exercise program compared with control partici-
pants (n � 148) receiving home visits. Falls were
reduced by 30% at 12 mos for intervention partic-
ipants. We included some of the exercises also used
in the study by Tinetti et al.,28 although some
aspects of the exercise program (twice-daily fre-
quency, 20-min duration, home setting) were dif-
ferent. Wolf et al.29 formed three groups receiving
either a 15-wk program of twice-weekly group ses-
sions of Tai Chi Quan, computer balance training,
or education. The Tai Chi Quan intervention was
moderate in intensity and reduced the risk of mul-
tiple falls by 47.5%.

The major differences between the above stud-
ies and our study are in the methods used to
measure balance and mobility and the different
methods of administering the exercise interven-
tion. Most of these studies improved balance and
mobility and had similar features in their exercise.
This suggests that the content and intensity of the
exercise program may be more important than
other intervention variables. Differences in the ex-
ercise program administration, such as the profes-
sional background of the exercise leader, the
setting (home vs. clinic) of the exercise sessions,
the duration of the exercise program, or whether the
exercises were conducted in a group setting, varied
among the above studies but seem to have less
influence on the results.

The targeted risk factor approach used by
Tinetti et al.28 was unique among the studies we
reviewed. Although superficially, our exercise ap-
proach seems more general compared with the
study by Tinetti et al.,28 there were actually some
similarities. In the targeted risk factor approach,
interventions applied and protocols selected var-
ied somewhat for each individual intervention
participant. Our study used standardized exercise
protocols, but starting and ending intensity level
and rate of progress were adjusted individually.
We assumed that all intervention participants
could potentially improve, regardless of ability or
number of risk factors. Physically advanced and
physically impaired participants alike were en-
couraged to seek and maintain an individual
moderate level of exercise intensity over the
course of the study. In this way, our approach
also was customized or targeted.

We also found intervention studies that used
methods similar to our own that did not have
positive effects on balance, mobility, and falls.30–33

Although it is unclear why these studies had results
different from our own, they may have suffered
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from inadequate power. We did have a larger sam-
ple than most of the studies. In addition, MacRae et
al.32 and Reinsch et al.31 studied low-intensity ex-
ercise programs. The lack of statistically significant
improvement in balance and mobility in the stud-
ies by Judge et al.30 and Reinsch et al.31 may be
related to the limited range of mobility skills ad-
dressed in their interventions. Furthermore, the
studies by Judge et al.30 and Reinsch et al.31 used
static rather than dynamic measures of balance and
had limited or no measurements of mobility. Bal-
ance and mobility are important interrelated fac-
tors. Balance and mobility impairment both con-
tribute to increase the risk of falls.6,34 Overall, it
seems that programs should include exercise of at
least moderate intensity and preferably include
measures of dynamic balance and mobility to show
a significant intervention effect.

Study Attrition Rate
Our 37.8% attrition rate from baseline to the

6-mo follow-up period is somewhat high relative
to that reported by other falls-intervention stud-
ies.26–28,30–32 We increased the intensity of the
current intervention program relative to our pilot
study. However, dropout rates through the 6-mo
follow-up period were similar to our previous
study. In the present study, a relatively smaller
attrition (17%) occurred among intervention
group participants during the actual intervention.
Our intervention (and control group sessions) re-
quired participants to attend 18 intervention ses-
sions over the course of the study. This represents
a substantial time and travel commitment by older
persons who may have limited resources or lack
transportation. We increased the intensity of the
intervention used in this study relative to the low-
intensity intervention used in our pilot study. Ac-
cordingly, we had no reason to anticipate that our
attrition rate would be different from the 34%
attrition rate experienced in our pilot study. In
phone inquiries with dropouts, they reported
transportation and scheduling conflicts as their
reasons for not continuing in the program. We
thought it was important that those included in the
intervention had experienced the intervention to
the same degree. Thus, we may have more drop-
outs because of our stringent criterion for partici-
pation. Differences between our intervention (and
control) methods and the intervention methods of
other investigators may account for some of the
apparent difference in study attrition.

We should note that methods for classifying and
tracking dropouts and for measuring adherence with
the intervention vary widely among different studies.
Interpretation of the differences in dropout rates
among studies is therefore limited. For example,

Campbell et al.27 lost only 18 of 233 subjects (8%).
They used a loosely monitored, home-based exercise
program done independently by participants, in con-
trast to our closely supervised outpatient program.
Adherence was not reported for the 6-mo evaluation
period. Adherence at 12 mos was 42%. Tinetti et al.28

similarly reported a very low (3% of 301 subjects)
attrition over 12 mos. Like the Campbell et al.27

study, their exercise intervention also was home
based, and unlike participants in our study who were
volunteers from various healthcare systems, their
study used HMO enrollees who may have been easier
to track. Adherence to the intervention was �50–
70% in 15–35% of the subjects, respectively. We
would have considered many of these subjects drop-
outs in our study.

Lord et al.26 reported a 23% attrition over 12
mos. However, exercise session attendance at 32%
of the total exercise sessions was considered ac-
ceptable, with 21 of the 75 completing exercisers
attending fewer than 50 of the 80 exercise classes.
Again, many of these participants would be drop-
outs according to our more strict criteria.

Relevance to Clinical Practice
Our results add to evidence supporting the use

of exercise as an intervention to reduce or prevent
falls. A likely mechanism for falls prevention may
be, at least in part, through an improvement in
strength and flexibility. In addition, a reduction in
symptoms of balance dysfunction and an increase
in activity seem to accompany the improvement
seen in functional balance and mobility. It remains
uncertain whether the change in symptoms and
activity are the result of or contribute to other
changes seen in the study.

Although the effect on balance, mobility, and
falls prevention may support recommending exer-
cise to patients, our dropout rate suggests that it
may be difficult to recruit or retain older patients
in a moderate-intensity exercise program, espe-
cially frailer persons. Exercise participation may be
limited by various reasons (physical limitations,
access to transportation, personal time schedule
conflicts, etc.). This has implications for propo-
nents of exercise programs of relatively high inten-
sity or very long duration.

People who dropped out of the study limit our
ability to generalize the results. However, some
dropouts who could have benefited from the pro-
gram may have dropped out not because they could
not tolerate the exercise but due to timing (the
program was not readily available to them when
they wanted to participate because of the random-
ization). Expectations raised by their possible im-
mediate involvement in the intervention may have
resulted in disappointment when they were ran-
domized into the control group.
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In summary, our moderate-intensity, exercise-
based intervention demonstrates the potential to
improve functional balance and mobility perfor-
mance among community-dwelling older persons
and also to reduce falls and fall-related injuries.
This effect may be due to enhancement of certain
characteristics such as flexibility. Because some
methods of administering the exercise program
(e.g., background of the exercise leader, the fre-
quency, duration, or setting of the program, etc.)
differed somewhat among studies that had positive
outcomes, the exact methods of administering the
intervention program may be less important than
the inclusion of balance and mobility exercises,
encouragement of participants to exercise to at least
moderate intensity, and the inclusion of methods to
measure dynamic balance and mobility.
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APPENDIX: BALANCE AND MOBILITY EXERCISE PROTOCOL
Week 1.
1) Flexibility exercises (5 repetitions, 15-sec hold)

a. Hamstring stretch
b. Gluteus maximus and hip flexor stretch
c. Gastrocnemius and soleus stretch
d. Paraspinal stretch

2) Baseline determination of preferred elastic-band strengths for lower limb exercises (1 repetition
maximum)
Strengthening exercises—lower limb muscles (elastic band: 1 set of 8–10 repetitions for each leg)
a. Quadriceps (sitting and straight-leg raises)
b. Hamstrings
c. Gluteus maximus
d. Gluteus medius
Strengthening exercises—upper limb muscles (5–10 repetitions)
a. push-ups
Strengthening exercises—abdominal muscles (5 repetitions)
a. Curl-ups with arms behind head

3) Instruction in body mechanics for
a. Standing
b. Sitting
c. Lying
d. Lifting
e. Reaching
f. Carrying
g. Arising from floor
h. Ascending/descending stairs

4) Baseline walking evaluation (determine maximum comfortable distance)

Week 2.
1) Flexibility exercises (as above)
2) Strengthening exercises

Lower limb muscles (elastic band: 1 set of 10 repetitions, each leg)
a. Quadriceps (sitting and straight-leg raises)
b. Hamstrings
c. Gluteus maximus
d. Gluteus medius
Upper limb muscles (10 repetitions)
a. Push-ups
Abdominal muscles (5–10 repetitions)
a. Curl-ups with arms behind head

3) Postural exercises (10 repetitions, 10-sec hold)
a. Head and neck
b. Trunk

4) Coordination exercises
a. Reciprocal leg movements (10 repetitions, eyes closed)
b. Bridging (10 repetitions)
c. Sitting/standing (5 repetitions)
d. Braiding exercises (2 repetitions)
e. Reciprocal ankle motion (10 repetitions)
f. Rung ladder: forward stepping (2 repetitions)

5) “Survival” maneuvers
a. Floor recovery exercises—“How to get up if you should fall” (individual practice)
b. Ascending and descending stairs safely (individual practice)

6) Endurance walking (begin at 75–100% of baseline minutes walked; increase at comfortable pace)

Week 3.
1) Flexibility exercises (5 repetitions, 20-sec hold)
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2) Strengthening exercises: lower limb (2 sets of 10 repetitions), upper limb (push-ups, 10–15 repeti-
tions), abdominals (curl-ups, 10–15 repetitions)

3) Postural exercises (15 repetitions, 10-sec hold)
4) Coordination exercises (repetitions increased)
5) Survival maneuvers practice (floor recovery/stairs)
6) Endurance walking (0–6 mins, comfortable pace)

Week 4.
1) Flexibility exercises (5 repetitions, 25-sec hold)
2) Strengthening exercises: lower limb (2–3 sets of 10 repetitions), upper limb (push-ups, 15 repetitions),

abdominals (curl-ups, 15 repetitions)
3) Postural exercises (20 repetitions, 10-sec hold)
4) Coordination exercises (repetitions increased)

a) reciprocal legs (eyes closed)
b) braiding (no holding, eyes open)
c) rung ladder (forward, side, and backward stepping)

5) Survival maneuvers practice (floor recovery/stairs)
6) Endurance walking (3–8 mins, comfortable pace)

Week 5.
1) Flexibility exercises (5 repetitions, 30-sec hold)
2) Strengthening exercises: lower limb (3 sets of 10 repetitions), upper limb (push-ups, 15–20 repeti-

tions), abdominals (curl-ups, 15–20 repetitions)
3) Postural exercises (25 repetitions, 10-sec hold)
4) Coordination exercises: as above with increased repetitions, plus:

a) braiding (no holding, eyes closed)
b) reciprocal ankle dorsi/plantar flexion (25 repetitions)

5) Survival maneuvers practice (as above)
6) Endurance walking (6–10 mins, comfortable pace)

Week 6.
1) Flexibility exercises (5 repetitions, 30-sec hold)
2) Strengthening exercises: lower limb (3 sets of 10 repetitions), upper limb (push-ups, 20 repetitions),

abdominals (curl-ups, 15–20 repetitions)
3) Postural exercises (25 repetitions, 10-sec hold)
4) Coordination exercises (as above with increased repetitions)
5) Endurance walking (8–12 mins, comfortable pace)
6) Survival maneuvers (floor recovery/stairs)
7) Graduation ceremonies, entire team in attendance

Exercise repetitions, duration of endurance walking, and progression of program are general guidelines.
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