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Abstract

Background. Falls are common among older adults. Many physical parameters including reduced postural stability, decreased dynamic
balance, gait disorders, strength deficits, difficulty standing from a chair, and other impairments have been shown to be strongly associated
with fall risk in the elderly.

Assessments. To identify those at risk for falls, tools that accurately measure physical performance parameters associated with falls are
essential. Several tools are available to measure these parameters including clinical evaluations, functional performance tests, and
questionnaires. The article describes many of the tools that can be used to evaluate the physical parameters associated with fall risk in older
adults.

Conclusions. The described instruments can help in identifying those who are most likely to fall, and those who would benefit from
targeted interventions. The final part of the article includes a brief discussion of the potential role of exercise training interventions to
improve these physical parameters and prevent falls.
© 2003 American Health Foundation and Elsevier Science (USA). All rights reserved.
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Introduction

Falling is the leading cause of injury-related deaths in
older adults [1,2]. For those of ages 70–79 years, 27.7% of
injury-related deaths are attributable to falling. This propor-
tion increases to 46.4 and 64.8% for those of ages 80–89
years and 90–99 years, respectively [1]. Gryfe et al. [3]
reported that 45% of adults over 65 years of age will
experience at least one fall per year and many of these
individuals will fall repeatedly. Furthermore, increasing age
is correlated with an increased number and severity of falls
[2].

Identifying an individual’s risk for falling can be difficult
because there are a variety of risk factors that must be

assessed. One of the most important risk factors for serious
falls is a history of falls: if a person has already had a fall,
they are more likely to suffer a subsequent fall [4–10].
However, a history of falls does not explain why the fall
itself occurs.

Falls often result from a variety of physiologic factors
associated with the aging process, disease, medications,
and/or environmental factors (Table 1). Physiological fac-
tors that have been shown to be moderately to strongly
associated with the risk for falls include reduced ability to
maintain a stance [7,9], increased postural sway [9–12],
reduced dynamic balance [6,7,9,13], reduced walking speed
[9,10,14,15], decreased mobility [6,9,10], reduced knee,
hip, or ankle strength [7,9,10], and difficulty rising from a
chair [7,9,10]. Any of these factors alone can lead to a fall.
However, oftentimes these factors will interact, causing the
stimulus for a fall [4,16,17]. As an individual becomes
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increasingly frail, it takes less of a stimulus from these
factors to precipitate a fall [18].

Assessing and treating the physical parameters associ-
ated with falls is a complex task. Nonetheless, a variety of
assessment tools focusing on fall risk and balance perfor-
mance have been developed. These tools are designed to
provide objective measurement for screening, baseline sta-
tus, changes over time, and the effects of interventions.
Many of the available measurements were developed for
research purposes and are not suitable for use with older
adults because of their length, complexity, safety concerns,
and/or equipment requirements. However, several tests have
been successfully used with older adult populations. The
increased interest in using such tests with older adults re-
flects the fact that limitations in physical performance may
lead to falls or an inability to perform specific activities of
daily living. Developing a better understanding of the phys-
iological systems that contribute to falls is a primary way in
which researchers can develop interventions which effec-
tively reduce the risk for falls in older adults.

Assessments of the physical parameters associated with
fall risk tend to have two forms: (1) observation of the
participant performing an activity with a rating of perfor-
mance, and (2) performance measures that are often equip-
ment-based. There are advantages and disadvantages to
each that should be considered. For example, the subjective
nature of observational assessments limits the reliability of
data compared to equipment-based assessments. However,

equipment-based evaluations usually are more expensive
because of equipment purchase and upkeep. In addition, the
equipment is often not easily transportable, and thus indi-
viduals must come to the laboratory for testing.

When choosing an assessment, one must consider not
only the type of assessment but must also distinguish be-
tween assessment tools that are multidimensional and those
that focus on a single factor. Multidimensional tools typi-
cally assess a variety of physical characteristics and provide
a summary score across all aspects of function. Oftentimes,
a researcher or clinician may prefer to choose tools that
focus on one, or only a few, function(s). In addition, the
assessment that is chosen should be sensitive to detect
clinically significant changes in performance. Many assess-
ment instruments use categorical scales that address a re-
stricted range of performance and may fail to detect clini-
cally meaningful changes.

Declining balance, gait disorders, strength deficits, diffi-
culty standing from a chair, and other impairments increase
the risk of falls for older adults. To identify those at risk for
falls, tools that accurately measure physical performance are
essential. Many of the tools described below were selected
because they are commonly used with older adults. In some
cases, however, research on the tools described is still in the
initial stages.

Assessments

Composite ratings of performance

Several assessments are available that combine measures
of balance with measures of gait and mobility to determine
a person’s risk for falls. Many of these score each task
subjectively on a scale (e.g., 0 � cannot perform, 1 � can
perform but is noticeably unstable, 2 � can perform without
hesitation) and produce a total score that represents the
participant’s fall risk. These assessments can typically be
administered in approximately 15 to 20 min.

Guralnik Test Battery
The Guralnik Test Battery consists of three items: static

balance, ability to stand from a chair, and walking speed
[19]. Each item is scored on a scale of 0 to 4. Static balance
is evaluated using three different, progressively more diffi-
cult stances starting with the side-by-side stance, moving to
the semi-tandem stance, and ending with the tandem stance.
To test the ability to rise from a chair, participants are asked
to sit with their arms folded across their chests in a straight-
backed chair placed with its back against a wall, and then to
stand up from the chair one time. If they are successful in
performing this task, they are asked to stand up and sit down
as quickly as possible five times in a row. Timing starts
from the signal to start and ends at the final standing posi-
tion at the end of the fifth stand. For the walk speed, the
participant is instructed to walk a distance of 8 feet at their

Table 1
Summary of internal (age-related deteriorations) and external
(environmental) contributors to falls in older adults

Internal contributors
Reduced visual acuity, depth perception, and peripheral vision
Vestibular impairment
Reduced ability to sense touch and vibration
Reduced static and dynamic balance
Reduced walking speed
Poor mobility and gait disorders
Reduced strength of the lower extremities
Reduced reaction time
Acute illness
Chronic disease (e.g., Parkinson’s disease, dementia) that affects

sensory, neurological, cognitive, and muscular functions
Cognitive impairment
Polypharmacy, especially the use of four or more prescription drugs

External contibutors
Inadequate lighting brightness and placement of switches and fixtures
Lack of handrails on stairs inside and outside of home
Cords and wires on floor
Lack of grab bars around toilet and bathtub
Lack of nonslip strips on bathtub floor
Toilet seat that is too low
Polished or waxed floors
Furniture that is too low or is not sturdy
Throw rugs that are not secured
Sidewalk cracks and ridges
Ice and snow
Prosthetic and cane or walker use
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normal pace using any walking aid(s) that they typically
require.

Berg Balance Scale
The Berg Balance Scale contains 14 items that simulate

tasks common in everyday life [20]. This test evaluates the
participant’s ability to perform movements of increasing
difficulty. Tasks progress from a sitting position to bilateral
stance to a tandem stance and then to a single leg stance.
The ability to change positions is also assessed. Each task is
graded on a scale of 0 to 4 and a total score of 56 can be
achieved.

Tinetti Balance Assessment
The Tinetti Gait and Balance Assessment [21] includes

items that address transitional skills such as sitting to stand-
ing and standing to sitting, static balance activities, and
balance in response to external perturbations. The assess-
ment also addresses gait initiation, step length and height,
symmetry, continuity, and other gait variables. Each of the
nine items receives a score of 0 to 2, and the final balance
score is summed.

Performance measures

Static balance
Falls have been associated with a decrease in static

balance, as determined by the ability to maintain a stance
[7,9] and postural sway [9–12]. For example, one study
looked at the difference in static balance between elderly
individuals of ages 60 to 96 years who had fallen fewer than
five times and those who had fallen more than five times
annually. Individuals who had fallen greater than five times
swayed more than those who fell fewer than five times per
year [12]. Therefore, static balance may be a valuable pre-
dictor for determining individuals who are at a greater risk
of falling.

Maintaining different stances. Older adults have significant
decrements in postural stability when their base of support
is reduced, as in single stance positions (i.e., standing on
one foot). Single stance measures are important because
single leg stance is used during stair climbing and walking,
which both require one-foot stance 20 to 40% of the time
[22].

Static balance is often evaluated using three different,
progressively more difficult stances [19]: (a) side-by-side
stance: feet side by side, touching; (b) semi-tandem stance:
one foot placed forward with the heel in line with the toes
of the other foot; (c) tandem stance: heel of one foot directly
in front of and touching the toes of the other foot. Static
balance can also be evaluated using a One-Leg Balance with
Eyes Closed Test. The participant stands on the preferred
foot while resting the hands at waist level and then raises the
other foot approximately 10 cm off the floor. Balance is
scored by the number of seconds for which the foot is kept

raised or until balance is lost. This is repeated with the eyes
closed, with the neck extended and the participant looking
upward (this manipulates the vestibular system), and a com-
bination of eyes closed and neck extended. Each leg can be
tested with each condition. Timing is terminated when the
subject touches the free foot to the floor, removes the hands
from the hips, moves the supporting foot from the original
starting position, hooks the free leg behind the support leg,
or (for the eyes closed trial) opens the eyes.

Postural sway. Postural sway is a measurement of an indi-
vidual’s center of pressure and it is used to determine
postural stability during static balance. Postural sway is
determined via the use of a force plate or platform, consist-
ing of a rigid plate with force transducers at each corner,
capable of sampling three orthogonal components of force
moments and applied forces [23]. The applied force and
force-moment signals are used to electronically calculate an
individual’s center of pressure. Increased postural sway, in
both amplitude and speed, is associated with increased pos-
tural instability and may be associated with a greater risk for
falling.

Static balance measures are often taken while the sub-
ject stands on different surfaces with the eyes open or
closed. The surfaces may include standing on the platform
directly or standing on a thick (e.g., 12 cm high) piece of
foam. The Clinical Test of Sensory Interaction for Balance
(CTSIB) is one test of postural sway that is designed to
measure the influence of sensory input on balance [24]. This
requires the participant to stand (a) on a flat surface with the
eyes open; (b) on a flat surface with the eyes closed; (c) on
thick foam with the eyes open; and (d) on thick foam with
the eyes closed. The force platform is marked to maintain
consistency in foot placement. For each stance, the partic-
ipant stands with their eyes at the horizon and their arms at
the sides in a neutral position. An anthropometric kit can be
used to measure the standing height, foot length, and foot
width of each participant. This information can be used later
to express the results relative to the height and base of
support of each participant. Trials typically require 10 s of
data collection. A trial is considered unsuccessful if the
participant takes a step or is unable to balance for the
required time period without aid from a spotter. Using the X
and Y coordinates determined on the force platform, Excel
worksheets can be used to calculate the sway index, ampli-
tude (anterior–posterior and median–lateral direction), XY
area, radial area, maximum instantaneous speed, and mean
instantaneous speed.

Dynamic balance
Dynamic balance is the ability to anticipate changes and

coordinate muscle activity in response to perturbations of
stability. Dynamic balance is also used during forward,
sideways, and backward leaning. Static balance is main-
tained in the elderly until significant functional declines
occur, while losses in dynamic balance occur much earlier
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[25]. Dynamic balance tests stress the balance control sys-
tems and therefore greater losses in balance are typically
seen during these types of tests. Oftentimes, dynamic tests
are performed with static balance tests.

Functional reach. Dynamic balance can be evaluated using
the Functional Reach Test [26]. Functional Reach is the
maximal distance an individual can reach forward beyond
arm’s length while maintaining a fixed base of support in
the standing position. A functional reach scale (or measur-
ing ruler) is hung from a wall at a height just below shoulder
level. The participant stands by the wall with the feet placed
together, raising the arms and holding the tips of the clasped
hands at the 0-cm level of the scale while keeping the arms
straight and horizontal. On a signal, the participant moves
the hands forward along the scale as far possible while
keeping the heels in contact with the ground. Performance is
assessed as the maximal distance the participant can reach
forward beyond arms’ length. A tester is always ready to
help prevent falls or any other injury.

A limitation of the test is that it only measures dynamic
stability in one direction. Many activities that put older
adults at risk for falling involve movements in the lateral
direction and outside the stability limits. To overcome this
limitation, functional reach in multiple directions is some-
times used.

Limits of stability. Limits of Stability is a relatively new
measure used to determine the maximum distance a person
can lean in a given direction without stepping, losing bal-
ance, or reaching for assistance [27,28]. As the limits of
stability decrease, so does the area of support used to sustain
balance during dynamic activities, such as leaning forward,
backward, and sideways. Therefore, a reduction in limits of
stability increases the risk for an individual to be in a
situation in which his or her balance is destabilized outside
the individual’s area of control, resulting in a fall.

During the assessment, the individual stands on a force
platform facing a computer monitor. The monitor displays a
central box with eight targets in an elliptical pattern sur-
rounding the central box. These targets represent the indi-
vidual’s estimated limits of stability (based on their height).
The eight targets are displayed on the computer screen at 0,
45, 90, 135, 180, 225, 270, and 315 degrees. The partici-
pant’s center of gravity appears as a human-shaped cursor
on the computer screen, which moves freely with the par-
ticipants as they shift their weight. To initiate each trial, the
participant is instructed to adjust and then maintain the
human-shaped cursor in the center box. Upon hearing an
auditory signal from the computer, the subject moves to-
ward the highlighted target in a straight line, as fast as
possible, and holds the position for 5 s. Targets are high-
lighted sequentially in a clockwise manner.

The test provides information regarding the individual’s
postural control as indicated by the initial shift toward the
target (end point excursion), and the actual extent of the

movement (maximum excursion). Information is also pro-
vided regarding the quality of the movement as indicated by
the speed of movement (movement velocity) and a compar-
ison of the amount of movement in the intended direction
toward the target and extraneous movement away from the
target (directional control). Lower time values and
straighter path movements are indicators of better perfor-
mance and control of balance. The amount of time from the
auditory signal until movement is initiated (reaction time) is
also calculated.

Only a few studies have looked at limits of stability and
how they change with age. Hageman et al. [28] compared
limits of stability values in a group of elderly and young
adults and found that young adults performed the timed
portion of the limits of stability tests significantly faster than
the older adults. They also found that older adults had far
less path accuracy in reaching the targets than did young
adults. Accuracy and speed are both required for postural
response and any reduction in speed and accuracy contrib-
utes to a reduction in one’s ability to maintain postural
control.

Walking velocity and mobility
Reduced walking velocity [9,10,14,15] and limited mo-

bility [6,9,10] have been identified as risk factors for falls.
Walking and mobility impairments in older adults are com-
mon. Cross-sectional studies indicate that gate speed de-
clines at a rate of 12 to 16% per decade after the age of 60
[14]. It has been estimated that at least 8% of noninstitu-
tionalized elderly U.S. residents, or an estimated 2.2 million
people, have difficulty walking or require the assistance of
another person or assistive devices to walk [15]. Limited
mobility is often associated with nursing home placement,
and as many as 63% of institutionalized elderly have prob-
lems with mobility [29]. Furthermore, slower gait speeds
have been reported in individuals who sustained multiple
falls [30,31].

Walking velocity. Timed walks of short length (e.g., 8 feet,
10 m) are simple measures of self-selected walking speed
which is a good predictor of function and overall physical
performance [9,10,14,15]. The walking distance is mea-
sured with a tape measure and marked with tape on the
floor. Three meters both ahead and at the end of the distance
are generally measured and marked to allow the subject
enough distance to accelerate and decelerate. The partici-
pant is instructed to walk at their normal pace using any
walking aid(s) that they typically require. The time is mea-
sured to the nearest one-hundredth of a second using a
digital stopwatch. Timing begins when the subject crosses
the start line and ends when the first foot crosses the finish
line. The subject performs one practice trial and three test
trials to determine self-selected gait velocity which can be
expressed in feet per second or meters per second. Measures
of gait speed are very simple to perform, and require only a
stopwatch and a measuring tape. The test can also be re-
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peated at the participant’s maximum pace to determine the
walking speed reserve.

8-Foot Up-and-Go. The purpose of the 8-Foot Up-and-Go
Test assessment is to measure physical mobility involving
speed, agility, and dynamic balance [32]. The test begins
with the participant fully seated in the chair, hands on
thighs, and feet flat on the floor. The participant is allowed
to push off the sides or arms of the chair to aid in getting up
from the chair. On the signal “go”, the participant is in-
structed to stand up from the chair as quickly as possible,
walk around a cone placed 8 feet in front of the chair, and
return to a seated position in the chair. The participant is
told that the test is timed and that the object is to walk
around the cone as fast as possible (without running) and
return to a seated position. A timed score is recorded to the
nearest 0.1 s from the time the signal “go” is given until the
participant returns to a seated position in the chair. The
participant is allowed to walk through the test for practice.
The participant’s score is recorded as the best of the two
most consistent times measured.

Walking around Two Cones Test. The purpose of the Walk-
ing around Two Cones Test [33] is similar to the 8-Foot
Up-and-Go Test. The test starts with the participant sitting
in a straight-backed chair located between a cone placed
1.8 m to each side of the chair. On a signal, the participant
rises from the chair, walks around the cone on the right side

of the chair (going to the inside and around the back of the
cone, or counterclockwise), and returns to a fully seated
position on the chair. Without pause, the participant walks
around the other cone (clockwise) and returns to a fully
seated position. One trial consists of two complete circuits.
Performance time is recorded in units of 0.1 s. The test is
performed three times and the fastest time is used for anal-
ysis.

Rogers modular obstacle course. We have developed a
modular obstacle course to assess mobility [34], modified
from that previously described by Means [35]. The course
consists of nine stations where common functional condi-
tions encountered in a general environment are presented
(Fig. 1). The stations are designed to challenge different
balance and mobility related strategies. The nine stations, in
order of appearance, are (1) walking across a 2 foot � 12
foot piece of low-pile carpet, (2) stepping over four foam
props (two are 2 � 2 inches and two are 4 � 4 inches), (3)
walking across a 2 � 12-foot piece of deep-pile carpet, (4)
walking up and descending two stairs (each 6 inches high,
painted with white and black checkers to challenge the
visual system), (5) walking across a 12-foot piece of uphol-
stery foam that is 2 inches thick, (6) slalom walking through
six plastic cones positioned 24 inches apart, (7) walking
across a 12-foot piece of upholstery foam that is 4 inches
thick, (8) walking up and down a ramp, and (9) climbing
and descending four stairs (each 8.5 inches high). The

Fig. 1. Rogers modular obstacle course used to develop balance and mobility in older adults.
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modular stations are presented in order of increasing diffi-
culty. Participants complete one practice trial to familiarize
themselves with the course prior to the testing trial. Partic-
ipants are instructed to walk through the course as quickly
as they can. To reduce the risk of injury, every participant
wears a gait belt that is held by a research assistant during
the test.

Performance on the course is videotaped with a digital
video recorder and the videotapes are reviewed following
testing to determine the time to complete the entire course
as well as the time to complete each individual task. The
on-screen timer of the recorder is used to quantify all station
time scores to the nearest 0.01 s. Individual station times are
determined by identifying the point where the task was
started (e.g., stepping onto the ramp) and the point where
the task was completed (e.g., stepping off of the ramp). The
time to walk from one station to the next is only included in
the total time to complete the entire course.

Qualitative scores are also determined by the presence
or absence of apparent difficulty with mobility during per-
formance of the tasks, according to specific criteria. A 0- to
3-point ranking, ranging from “unable to complete the task
without assistance” (0 points) to “no observed difficulty or
unsteadiness while performing the task” (3 points), is made
for each of the tasks.

Muscle strength
Reduced muscular strength is another important factor

that contributes to falls [7,9,10]. All body movements are
produced via contraction of skeletal muscles and strength
deficits may contribute to impaired balance in older adults
and increase their risk of falling. Muscular strength and
mass have been shown to decrease with age [36]. As muscle
strength deteriorates, the ability to perform activities of
daily living, such as performing housework and carrying
groceries, declines. Furthermore, reduced strength has been
reported to have a significant deleterious effect on gait
function and mobility [37–39], both of which are commonly
limited in older populations. Jette and Branch [40] reported
that 23% of older adults of ages 75–84 years had difficulty
walking, while 55% had trouble crouching, kneeling, and
stooping. Further evidence regarding the association be-
tween strength and fall risk is provided by Wolfson et al.
[41], who reported that lower extremity strength of elderly
individuals who suffered a fall was 47.9 to 61.3% less than
in older adults who had not fallen. It has also been reported
that lower leg and ankle dorsiflexor strength were 30 and
39% lower, respectively, in those who suffered five or more
losses of balance during dynamic platform tests compared
to those who lost their balance fewer than five times [42]. In
the same study, greater muscle strength was associated with
a 20% decrease in the odds of suffering a loss of balance
while performing dynamic balance tests [42].

One-Repetition Maximum. Muscle strength is often mea-
sured as the force generated during a maximum voluntary

contraction. For several reasons, the One-Repetition Maxi-
mum (1RM) Test is typically used to measure strength in
the research setting. One advantage is that this test is more
specific to the type of training subjects would most likely
perform to enhance strength levels. The test provides values
reflecting the absolute amount of weight that can be lifted,
so test values are often more meaningful to subjects. Addi-
tionally, the 1RM test is representative of the strength
needed to perform functional tasks such as moving heavy
objects.

In aging research, 1RM testing is typically not per-
formed unless there is a strength training program involved
because there are some associated disadvantages. Some
have reported higher rates of injuries during 1RM testing
than during the training program [43], while others have
concerns regarding the difficulty in establishing objective
testing criteria [44]. Furthermore, 1RM performance can
require more motor learning than other testing modalities,
which could affect test reliability.

After formal instruction in the use of weight-training
equipment, participants should perform each exercise sev-
eral times at a low resistance to ensure proper warm-up and
familiarization. All exercises are repeated with weight in-
crements of 0.25 to 25.00 pounds until failure occurs despite
verbal encouragement. Failure is reached when the partici-
pant fails to lift the weight through the entire range of
motion on at least two attempts spaced 45–60 s apart. Lifts
are discounted if the participant utilizes momentum or
changes body position in a manner not directly related to the
movement of the weight during the exercise motion. To
stabilize the body, subjects are typically allowed to grasp
handles that are attached to the seat. To minimize fatigue
resulting from repetition, each test should begin at a weight
near a predicted maximum and the 1RM should be identi-
fied with fewer than six repetitions. Likewise, approxi-
mately 45–60 s of rest should be given between repetitions.

Isokinetic dynamometery. Isokinetic dynamometers provide
information on muscle dynamics throughout the full range
of extension and flexion that may provide a more function-
ally relevant profile of muscle contraction properties than
1RM tests [45]. These dynamometers are accommodating
resistance devices that permit contraction at a constant
speed (e.g., 30°/s, 60°/s, 180°/s, and 240°/s) regardless of
the amount of torque generated by the subject. These de-
vices can provide better isolation of muscle groups and
allow a more objective criterion than the 1RM test. Peak
torque, total work, strength ratios of opposing muscle
groups, and fatigue ratios can be determined using a com-
puter interface.

30-Second Chair Stand. The purpose of the 30-Second
Chair Stand Test is to measure lower body strength without
large, expensive equipment [32]. The test begins with the
participant seated in the middle of a chair, back straight, and
feet approximately shoulder width apart and flat on the
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floor. The arms are crossed and held against the chest. At
the signal “go,” the participant rises to a full standing
position (body erect and straight) and then returns back to
the initial seated position. The participant is encouraged to
complete as many full stands as possible within a 30-s time
limit. Participants are given two or three practice repeti-
tions. The score is the total number of stands executed
correctly within 30 s. If the participant was more than
halfway up upon completion of the 30 s, it is counted as a
full stand.

Interventions

A variety of physical activity (i.e., exercise) programs
have been used to improve the physical parameters associ-
ated with fall risk. The benefits of regular physical activity
for older adults have been extensively documented in the
scientific literature [46]. Regular exercise is associated with
many health-related improvements within this population.
For example, physical activity can reduce or prevent the
need for medical treatment, or it can be an important addi-
tion to medical treatment. Furthermore, regular physical
activity improves the functioning of the cardiovascular,

respiratory, metabolic, endocrine, and immune systems. By
doing this, it greatly reduces risk factors associated with
coronary artery disease, and may also prevent the develop-
ment of, or effectively treat, diseases such as non-insulin-
dependent diabetes mellitus, osteoarthritis, osteoporosis,
obesity, colon cancer, peripheral vascular occlusive arterial
disease, arthritis, and hypertension. Regular physical activ-
ity also reduces body fat stores, increases muscle strength
and endurance, strengthens bones, and improves mental
health. Many of these benefits may have a positive, albeit
indirect, effect on balance in older adults.

Several studies have examined the effects of general
exercise programs on balance. For example, Cress et al. [47]
randomly assigned older adults to a control or combined
(aerobic and strength exercise) group and observed no
changes in balance measures in either group upon comple-
tion of a 6-month training program. In another study, static
balance on one foot with eyes closed was significantly
improved in older adults following a 1-year training pro-
gram consisting of back extension exercises, strength train-
ing, and flexibility/relaxation exercises [48].

Other studies have utilized more balance-specific train-
ing programs. One study divided older adults into a flexi-
bility-only group and a combined group engaging in resis-

Fig. 2. Older adults using Stability Trainers to improve balance during a community-based exercise program.
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tance exercises, brisk walking, flexibility, and postural
control tai chi exercises. Significant improvements in sin-
gle-leg stance were observed in the combined group,
whereas no changes were observed in the flexibility group
after 6 months of training [49]. Wolfson et al. [50] assigned
elderly adults into four different training groups: a strength
training group, a balance training group, a balance plus
strength training group, or an educational control group and
evaluated changes in single-stance balance, strength, and
loss of balance measures before and after 3 months of
training. Loss of balance was significantly less in the bal-
ance group than in the control, strength training, and bal-
ance plus strength training groups. Both the balance and
balance plus strength groups showed significant improve-
ments in single-stance time after 3 months of training.

Hu and Woollacott [51] studied the effects of ten, 1-h
multisensory training sessions, consisting of balance train-
ing on a firm or foam support surface with eyes open or
closed and head neutral or extended 5 times for 10 s each,
on balance in older adults between the ages of 65 and 90
years. The subjects had significant improvements of pos-
tural sway while standing on foam and on a firm support
with eyes closed and/or head extended in the training group
compared to the control group. Older individuals in the
training group significantly improved their ability to stand
on one foot with eyes open or closed up to 4 weeks upon
completion of the training program. Kronhed et al. [52]
studied the effects of a 9-week multisensory balance train-
ing program which included balance tasks (e.g., jogging
around a chair, moving the head side to side, walking four
steps backward), dance steps, ball exercises (e.g., throwing,
bouncing, and catching balls in various directions), balance
board, trampoline, balance-ball, and many other exercises in

adults of ages 70 to 75 years. Participants in the exercise
group showed significant improvements in single-leg stance
with eyes closed, single-leg stance with head rotation, and
the 30-meter walk compared to the control group.

We have evaluated the effects of a 10-week program,
utilizing Thera-Band exercise balls (inflatable balls that are
�55 cm in diameter), on balance in adults 61 to 77 years of
age [53]. Postural sway (medial–lateral amplitude, speed of
sway, and instantaneous speed) was significantly reduced
when subjects stood with the feet apart and in the semi-
tandem position with the eyes open and closed. Dynamic
balance was measured via functional reach, which improved
by 20.3%, after the 10-week Thera-Band exercise ball pro-
gram.

Recently, we completed a 12-week program utilizing 16
� 9 � 2-inch elliptical-shaped foam pads (Thera-Band
Stability Trainers) and strength-training exercises using
elastic bands in a community senior center [54]. While
standing behind a chair and holding the back of the chair for
support, participants performed exercises such as standing
with one foot in front of the other or standing on one foot.
Participants were instructed to shift their body weight from
foot to foot and to lift the feet from the floor. They also
closed the eyes and/or moved the head to target the visual
and vestibular systems, respectively. To increase the diffi-
culty of these exercises, and to target the somatosensory
system, the participants performed the exercises while
standing on the foam pads (Fig. 2). To enhance muscular
strength, participants performed a series of exercises using
elastic bands while sitting in chairs. Improvements were
observed for the Limits of Stability in the directions that are
most associated with falls that result in hip fracture [55],
namely the right, left, and back directions. In the right/back
direction, the end-point excursion improved by 67.2% and
the maximum end-point excursion improved by 27.8%. In
the left/back direction, the end-point excursion improved by
66.7% and the maximum end-point excursion improved by
23.4%. In the back direction, the end-point excursion im-
proved by 77.1% and the maximum end-point excursion
improved by 63.4%. In addition, both upper and lower body
strength improved. The number of times a person could
stand from a chair in 30 s increased by 17.1% (from 10.5 to
12.3 repetitions). No changes were observed in any of the
balance or strength variables for the control group.

The use of exercise balls, stability trainers, tai chi, and
the performance of other balance-specific tasks appears
to improve balance in older adults. It is likely that these
training programs are effective because they target the
specific physiological systems involved in balance con-
trol, specifically the visual, vestibular, somatosensory,
and musculoskeletal systems. Such training may be more
effective in improving balance than general exercise pro-
grams or those consisting of only aerobic, strength, or
flexibility exercises.

Table 2
Summary of tests to assess fall risk

Composite ratings of performance
Guralnik Test Battery
Berg Balance Scale
Tinetti Balance Assessment
Rogers Modular Obstacle Course (qualitative score)

Performance measures of balance
Maintaining Different Stances

� Feet together
� Semi-tandem,
� Tandem
� One foot

Functional Reach
Limits of Stability

Performance measures of mobility
Walking Velocity
8-Foot Up-and-Go
Walking around Two Cones Test
Rogers Modular Obstacle Course

Strength measures
One-Repetition Maximum
Isokinetic Dynamometery
30-Second Chair Stand
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Conclusions

The assessment tools summarized in this article cover
several aspects of fall risk, including balance, mobility, and
strength (Table 2). In general, these assessments are easy to
conduct and widely used. Careful selection and use of as-
sessment tools can greatly assist in identifying those indi-
viduals who are at risk for falling. Several exercise-based
strategies exist to improve the physical parameters associ-
ated with fall risk. However, additional strategies are
needed to target physical deficits that place older adults at
an increased risk for falls.

References

[1] National Safety Council. Injury facts, 2000 edition. Itasca, IL: Au-
thor, 2000.

[2] Baker SP, Harvey AH. Fall injuries in the elderly. Clin Geriatr Med
1985;1:501–12.

[3] Gryfe CI, Amies A, Ashley MJ. A longitudinal study of falls in an
elderly population: I. Incidence and morbidity. Age Ageing 1977;6:
201–10.

[4] Kennedy TE, Coppard LC. The prevention of falls in later life: a
report of the Kellogg International Group on Prevention of Falls in
the Elderly. Danish Med Bull 1987;34:1–24.

[5] Cummings SR, Nevitt MC, Kidd S. Forgetting falls: the limited
accuracy of recall of falls in the elderly. J Am Geriatr Soc 1988;36:
613–16.

[6] Tinetti ME, Williams TF, Mayewski R. Fall risk index for elderly
patients based on number of chronic disabilities. Am J Med 1986;80:
429–34.

[7] Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among
elderly persons living in the community. N Engl J Med 1988;319:
1701–7.

[8] Janken JK, Reynolds BA, Swiech K. Patient falls in the acute care
setting: identifying risk factors. Nurs Res 1986;35:215–19.

[9] Nevitt MC, Cummings SR, Kidd S, Black D. Risk factors for recur-
rent nonsyncopal falls: a prospective study. JAMA 1989;261:2663–
68.

[10] Campbell A, Borrie MJ, Spears GF. Risk factors for falls in a
community-based prospective study of people 70 years and older. J
Gerontol 1989;44:112–17.

[11] Brocklehurst J, Robertson D, Groom J. Clinical correlates of sway in
old age. Age Ageing 1982;11:1–9.

[12] Overstall PW, Exton-Smith AN, Imms FJ, Johnson AL. Falls in the
elderly related to postural imbalance. Br Med J 1977;1:261–4.

[13] Wolfson LI, Whipple R, Amerman P. Stressing the postural response:
a quantitative method for resting balance. J Am Geriatr Soc 1986;
335:845–6.

[14] Hinman JE, Cunningham DA, Rechnitzer PA, Paterson DH. Age-
related changes in speed of walking. Med Sci Sports Exerc 1988;20:
161–6.

[15] Leon J, Lair T. Functional status of the noninstitutionalized elderly:
estimates of ADL and IADL difficulties (DHHS Publication No.
(PHS) 90-3462). National medical dxpenditure survey research find-
ings 4, Agency for Health Care Policy and Research. Rockville, MD:
Public Health Service, 1990.

[16] Nickens H. Intrinsic factors in falling among the elderly. Arch Intern
Med 1985;145:1089–93.

[17] Tinetti ME, Speechley M. Prevention of falls among the elderly.
N Engl J Med 1989;320:1055–9.

[18] Lawton MP, Nahemow L. Ecology and the aging process. In: Eis-
dorfer C, Lawton MP, editors. The psychology of adult development

and aging. Washington, DC: American Psychological Association;
1973, p. 619–20.

[19] Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF,
Blazer DG, Scherr PA, et al. A short physical performance battery
assessing lower extremity function: association with self-reported
disability and prediction of mortality and nursing home admission. J
Gerontol Med Sci 1994;49:M85–M94.

[20] Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring
balance in the elderly: validation of an instrument. Can J Public
Health 1992;83:S7–11.

[21] Tinetti ME. Performance-oriented assessment of mobility problems
in elderly patients. J Am Geriatr Soc 1986;34:119–26.

[22] Hasan SS, Lichtenstein MJ, Shiavi RG. Effects of loss of balance on
biomechanics platform measures of sway: influence of stance and a
method for adjustment. J Biomech 1990;23:783–89.

[23] Nashner LM. Practical biomechanics and physiology of balance. In:
Jacobson GP, Newman CW, Kartush JM, editors. Handbook of bal-
ance function testing. St. Louis: Mosby-Year Book; 1993, p. 261–79.

[24] Nashner L, McCollum G. The organization of human postural move-
ments: a formal basis and experimental synthesis. Behav Brain Sci
1985;8135–72.

[25] Hageman PA, Leibowitz JM, Blanke D. Age and gender effects on
postural control measures. Arch Phys Med Rehabil 1995;76:961–5.

[26] Duncan PW, Weiner DK, Chandler J, Studenski S. Functional reach:
a new clinical measure of balance. J Gerontol Med Sci 1990;45:
M192–7.

[27] Wallmann HW. Comparison of elderly nonfallers and fallers on
performance measures of functional reach, sensory organization, and
limits of stability. J Gerontol Med Sci 2001;56:M580–3.

[28] Newton R. Validity of the multi-directional reach test: a practical
measure for limits of stability in older adults. J Gerontol Med Sci
2001;56:M248–52.

[29] Lair T, Lefkowitz D. Mental health and functional status of residents
of nursing and personal care homes (DHHS Publication No. (PHS)
90-3470). National medical expenditure survey research findings 4,
Agency for Health Care Policy and Research. Rockville, MD: Public
Health Service, 1990.

[30] Woolacott MH. Age-related changes in posture and movement. J
Gerontol 1993;48:56–60.

[31] Era P, Heikkinen E. Postural sway during standing and unexpected
disturbance of balance in random samples of men of different ages. J
Gerontol 1985;40:287M–95M.

[32] Rikli R, Jones CJ. Development and validation of a functional fitness
test for community-residing older adults. J Aging Phys Act 1999;7:
129–61.

[33] Osness WH. Assessment of physical function among older adults. In:
Leslie DK, editor. Mature stuff: physical activity for the older adult.
Reston, VA: American Alliance for Health, Physical Education, Rec-
reation and Dance, 1989.

[34] Rogers ME, Rogers NL, Chaparro BS, Stumpfhauser L, Halcomb
CG. Effects of modular course training on mobility in older adults
aged 79–90 years. Disabil Rehabil 2002;25:in press.

[35] Means KM. The obstacle course: a tool for the assessment of balance
and mobility in the elderly. J Rehabil Res Dev 1996;33:413–29.

[36] Porter MM, Vandervoort AA, Lexell J. Aging of human muscle:
structure, function, and adaptability. Scand J Med Sci Sports 1995;
5:129–42.

[37] Bassey EJ, Fiaterone MA, O’Neill EF, Kelly M, Evans WJ, Lipsitz
LA. Leg extensor power and functional performance in very old men
and women. Clin Sci 1992;82:321–7.

[38] Brown M, Sinacore DR, Host HH. The relationship of strength to
function in the older adult. J Appl Physiol 1995;50A:55–9.

[39] Wolfson L, Whipple R, Amerman P, Tobin JN. Gait assessment in the
elderly: a gait abnormality rating scale and its relation to falls. J
Gerontol Med Sci 1990;45:M12–19.

[40] Jette AM, Branch LG. The Framingham disability study: II. Physical
disability among the aging. Am J Public Health 1981;71:1211–16.

263M.E. Rogers et al. / Preventive Medicine 36 (2003) 255–264



[41] Wolfson L, Judge J, Whipple R, King M. Strength is a major factor in
balance, gait, and the occurrence of falls. J Gerontol 1995;50A:64–7.

[42] Judge JO, King MB, Whipple R, Clive J, Wolfson LI. Dynamic
balance in older persons: effects of reduced visual and proprioceptive
input. J Gerontol Med Sci 1995;50A:M263–70.

[43] Pollock ML, Carroll JF, Graves JE, Legett SH, Braith RW, Limacher
M, Hagberg JM. Injuries and adherence to walk/jog and resistance
training programs in the elderly. Med Sci Sports Exerc 1991;23:
1194–1200.

[44] Hurley BF. Age, gender, and muscular strength. J Gerontol Med Sci
1995;50A:41–4.

[45] Rosler K, Conley KE, Howald H, Gerber C, Hoppeler H. Specificity
of leg power changes to velocities used in bicycle endurance training.
J Appl Physiol 1986;61:30–6.

[46] American College of Sports Medicine. Exercise and physical activity
for older adults. Med Sci Sports Exerc 1998;30:992–1008.

[47] Cress ME, Buchner DM, Questad KA, Esselman PC, deLateur BJ,
Schwartz RS. Exercise: effects on physical functional performance in
independent older adults. J Gerontol Biol Sci Med Sci 1999;54:
M242–8.
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