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Generalizability of the Limits of Stability Test in the
Evaluation of Dynamic Balance Among Older Adults

Sean Clark, MS, Debra J. Rose, PhD, Koichiro Fujimoto, PhD

ABSTRACT. Clark S, Rose DJ, Fujimoto K. Generalizabil-
ity of the limits of stability test in the evaluation of dynamic
balance among older adults. Arch Phys Med Rehabil

In the area of balance assessment; the development of compu-
terized posturography offers the practitioner a means for con-
ducting more comprehensive, objective evaluations of the multi-

1997;78:1078-84.

Objective: Reliability of platform posturography tests is es-
sential for the identification and treatment of balance-related
disorders. The purposes of this study were to establish the reli-

ple dimensions of balance (eg, the integration and organization
of sensory inputs used to maintain upright balance and volitional
and reactive balance control in dynamic environments). Al-
though Ihe information denved fmrn computenzed posturogra-
phy tes d pro-

ability of the Timits of stability (LOS) test and to determine
the relative variance contributions from identified sources of
measurement error.

Design: Generalizability theory was used to calculate (1)
variance estimates and percentage of variation for the sources

vide treatment for balance-related disorders, the usefulness of
these measurements ultimately depends on their reliability.'?

Unfortunately, few studies have been conducted for the purpose
of establishing the rel‘ijtbilily of the performance scores derived

fro

of measurement error, and (2) generalizability coefficients.
Random effects repeated measures analysis of variance (RM
ANOVA} was used to assess consistency of measurements
across both days and targets.

P. ants: Thirty-ei
with no recent history of falls.

Main Outcome Measures: Outcome measures derived from
the LOS tests included movement velocity (MV), maximum
center of gravity (COG) excursion (ME), end point COG excur-

sion (EE), and directional control (DC)

Reliability is defined as the degree or extent to which a mea-
surement system is capable of providing consistent test scores
that are free from crror across multiple testing sessions or be-
tween multiple raters.”® A measurement is considered to be

L community-dwelling older m“m—mﬁﬁhﬂmmm&mﬁEWiEu from

multiple evaluations of an individual. Although some degree of
inconsistency in the resulting test scores is to be expected, the
magnitude of these differences should not be statistically sig-
nificant.'” Despite attempts to standardize test procedures and

Results: Estimated generalizability coefficients for 2 and 3
days of testing ranged from .69 to .91. Relative contributions
of the day facet were minimal. The RM ANOVA results indi-
cated that for three of the movement variables, no significant

Conclusions: The 75% and 100% LOS tests are reliable tests
of dynamic balance when administered to healthy older adults
with no recent history of falls. Dynamic balance measures were
general]y consistent across multiple evaluations,

protocols; inherent variability or inconsistencies i the observed
test scores across repeated evaluations may still exist. For exam-

ple, even if the same clinician evaluates a patient’s performance
on a particular balance test at the same time of day, under similar
test conditions, with the same set of instructions, different test

scores may still result from each testing session.

Observed differences or variability in test scores that arise
from repeated evaluations constitute one source of measurement
error.*"” Measurement errors also arise from multiple sources
within a given measurement protocol.'" Examples of these
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() VER THE COURSE of the past two decades, a number

error sources may include manual test coding errors, the use of
multiple testers, misunderstood test instructions by the patient,
and-inaccurate calibration of the equipment. Knowledge of the
various sources of measurement error is therefore imgoﬂam for
oplimizing the reliability of a measurement protocol.'*" In fact,

S of commercially produced diagnostic instruments (eg, 1S0-
kinetic dynamometers, computerized posturography, kinetic
treadmills) have been introduced into the field of rehabilitation.
These diagnostic instruments are now used on a daily basis by
clinicians desiring more objective and quantifiable evaluations

a clinician’s ability to first identify the various sources of mea-
surement error and then control for or eliminate these error
sources will significantly influence the reliability of the mea-
surement protocol or test instrument used.

Although estimates of the various sources of measurement

of patient status. Although these sophisticated diagnostic instru-
ments are capable of providing the practitioner with more articu-
late measures of paticnt status, the degree to which these instru-
ments produce reliable measures of performance has been
largely ignored.

error provide insight for optimizing measurement design, ques-
tions regarding the degree of inconsistency in the observed
performance scores still exist. When administering patient eval-
uations across multiple sessions, practitioners generally observe
differences or inco
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nsistencies in a patient’s |
that range from small to large. Practitioners often assume, how-
ever, that the magnitude of such inconsistencies is small and,
therefore, not statistically or clinically significant. If this as-
qumptmn is crronmus. an nnaccurate aq@esqment of the pauem s
- h

ce scores

An accepted mcthod by whlch 10 assess the degnee of incon-
sistency in repeated performance scores is to perform an F test
based on the repeated measures analysis of variance (ANOVA)
results.*1%® A significant F test indicates statistical differences

in the test scores across the multi ich condi-

of
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tions where statistically significant differences exist, reliability
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has not been adequ.ltely esl.:bhshcd e’ Subeequenl]y the prac-
titioner must then ass
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changes in the test scores are of clinical importance.
To date, the few studies that have been conducted for the
purposc of estimating the reliability of various balance-related

diagnostic tests have employed various lmrun.l.n.\ cor'rcl:ltlon
cocfficient ”f"f"l 17

——————ofthe EOS

of the different lCC models). Reltahlhly of the limits of stability
(LOS) test, a test of dynamic balance available on the Balance
Master,” has recently been assessed by Henderson and col-
leagues.® These investigators estimated the test-retest reliability
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-test-when pertormed on two occasions +week apart
in a sample of both young and old healthy adults (n = 46).
Movement variables representing the individual's ability to shift
the center of gravity (COG) quickly and accurately through
space (ie, movement time and path sway) demonstrated moder-

-

5

ate to high test-retest reliability:

Liston and colleagues® have also examined the reliability of
dynamic balance tests available on the Balance Master.” A ran-
domized version of the LOS test was administered to a sample
of hemiparetic patients on three separate occasions at 1-weck

Fig 1. Limits of Stability test: target set-up, including start signal, COG
cursor, and dynamic balance measures (maximum excursion, end point
excursion, and directional control).

intervals. Once again. the movement variables, movement time
and path sway, were found to be strongly reliable (ICC(2.1) =
.88 and -84. respectively)-for this measurement design:

As clinicians continue to use computerized posturography for
the assessment of postural control, establishing the reliability of

independently and had not sustained a fall while performing
daily activities during the previous 2 years. All subjects pro-
vided written informed consent before participation in the study.

Instrumentation

— tiopally, sources of measurement error-associated with-the vari

the various tests available on thesc systems is critical, Reliable
measures are essential when attempting to identify individuals
whio are at risk of falling, as well as for cslablishing appropriate
baseline mecasures necessary for assessing the cffectiveness of

a balance intervention program. Although a small number of

The Pro Balance Master' system with software version 5.0b
was-used-in-the present study. The Pro Balance Master system
is comprised of two 9" % 18" dual force plates connected at the
midline of the anteroposterior axis by a pin joint. Each force

studies have examined the test-retest rclmhﬂuly of computerized
posturography. the number of test sessions needed 1o establish
consistent test scores prior lo diagnostic Llas\ilicalion or the
introduction of an intervention has not been established. * Addi-

plate is mounted on a pair of symmetrically positioned force
transducers. The four transducers measure vertical ground reac-
tion forces (VGRF), which form the basis of subscquent calcu-
lations of center of pressure (COP) and COG sway angles."
All test data were acquired and then stored on a 486 PC.

ous test protocols have not been adequately identified. Knowl-
edge of these error sources, as well as their relative contributions
to the total measurement error, would enhance the practical
application of these studies. Specifically. clinical researchers

climinate potential sources of measurement error, thereby
strengthening the reliability of their own measurement protocol.

The primary purpose of this study was to estimate the reliabil-
ity of the LOS test conducted ut 75% and 100% of the theoretical

Procedures

After a brief period of familiarization (5 to 10 minutes) with
the COG visual biofeedback utilized during the testing proce-

75% and 100% of the subject’s maximum theoretical stability
limits. The two LOS tests were administered in a single testing
session on three consecutive days. A 3-minute rest interval was
provided between each LOS test during cach test session. The

limits of stability in @ group of healthy older adults. Secondary
purposes were to estimate the relative contribution of various
sources of measurement error associated with the measurement
design and to determine the consistency of dynamic balance
measures across three test days.

LOUS test (performed at /5% LOS) 1s a standard test used to
assess multiple indices of dynamic balance performance. All
testing sessions were conducted ut the same time of day on
cach of the three test days to control for potential diurnal effects.
Each test was conducted with subjects positioned in a standard-

METHODS

Subjects
Thirty-eight community-dwelling healthy older adults (21

ized foot position as recommended by the manufacturers of the
equipment.”™ A reference grid superimposed on the forceplate
ensured accurate placement of the feet oneach testing occasion.

The dynamic LOS test is designed to assess an individual’s
ability to volitionally move the COG to eight predetermined

women and 17 men) volunteered to participate in this investiga-
tion. Subjects ranged in age from 51 to 84 years (X = 67.5yrs.
SD = 8.4). Subjects” height ranged from 147m o 1.85m (X =
1.7m, SD = .04m). All subjects completed a medlcal qucsnonv
naire before the first testing session. No s

tory of progressive neurological. cardiovascular, or musculo-
skeletal disease. Additionally, no subjects were currently taking
any medications known 1o adversely affect balance or compen-
sate for balance-related problems. Also all suhjectq reporled
normal and/or corrected vision {

no difficulty viewing the video screen. Al subjects ambulated

positions in space. These positions are represented by square
visual targets located on a video screen positioned at eye level
and directly in front of the individual being tested. Figure 1
illustrates the on-screen test target set-up. Subject height (ie,

maximum COG sway angles were used (o determine the appro-
priate LOS values represented by the on-screen visual targets.'™
Subjects were required to lean away from the midline in the

direction of cach of the eight on-screen targets without stepping
/1 i dized foot nnt.'.lhnn Foot

position was carefully monitored dunn}_. each test and the feet
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