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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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Maximum Excursion e 1

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

8 On-Axis

Off-Axis ‘|—

Iind Point Excursion

._ Start
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Center Target

-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

Arch Phys Med Rehabil Vol 78, October 1997
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were reposmoned follﬂmng a losq of balance or any other slight
foot s

their arms by their sides at all times dunng the test. The concur-
rent visual biofeedback COG cursor appeared on the video
screen throughout the test. Subjecis were instructed to move
the COG cursor as quickly and accurately as possible towards

a circle, moved from the center starting target. Subjects were
then required to maintain the COG cursor inside the highlighted
target until the visual signal returned to the center target. If the
subject was unable to reach the target, he or she was instructed

to-tean-asfar-as possible-in-the directi

losing balance. The following dependent variables were calcu-
lated for each of the eight targets associated with the test: move-
ment velocity (MV); maximum COG excursion (ME); endpoint
COG excursion (EE); and directional control (DC).

GENERALIZABILITY OF DYNAMIC BALANCE, Clark

waeks} 15 After the faccts have been identified, ANOVA tech-

iance attributable

to differences between subjects (ie, universe score variance),
the identified facets and their interactions, and the random mea-
surement error.*'* Variance estimates are then used to calculate
the percentage of vanance assoc:ated wnh each uf Lhe sources

researcher to |dent1fy the various sources of measuremenl error

contributing to the variability in the subjects’ scores.®'*"

The subsequent D study provides the data used to make de-
finitive decisions about the measurement protocol.*'* The D

flectsthe —————

study-yields-the genera

reliability or dependability of the observed scores across the
facet(s) or measurement condition(s) included in the study."”
Consequently, a number of different G coefficients can be ob-
tained in any given study, The number of estimated G coeffi-

Dependent Variables

Each of the dependent variables provided specific information
regarding the subject’s LOS test performance. MV indicated the

the first sustained movement excursion toward the test target.
This variable provided an indication of how quickly the subject
was able to initially move the COG through the region of stability.
The degree to which the COG was controlled during the first

cients-is-dependent on-the number of facetsinthe designand———

the various universes of generalization.®"

The advantage of using G-theory to investigate test reliability
is that this method allows for the examination of (1) the degree
to which the identified sources of variance contribute to the

of measurement error, and (2) the geneiﬁllzabmty

or reliability of the test across the facets of interest. Findings
from both the G and D studies provide a means by which to
optimize the reliability associated with a particular measurement
design. At a practical level, the inherent features of G-theory

u;mcuﬂn—murmun—wg—exprcsscd—as—ﬁﬂm—ﬁc—vﬁm

derived from a comparison of the amount of on-axis movement
of the COG relative to the off-axis COG movement and was
expressed as a percentage of the total on-axis movement. The
more direct the COG movement was toward the test target (ie,

allow the clinician to minimize measurement error by first iden-
tifying all the possible sources of error (eg, multiple testers, test
instructions, etc) and then controlling for or eliminating them.

Application of generalizability theory. To perform the gen-
eralizability analysis, each of the facets or sources of variation

along a straight line towards the target) the smaller the DC ratio.
EE indicated the furthest on-axis distance the COG reached by

the end of the first sustained COG excursion towards the test
target. ME indicated the furthest on-axis distance the COG trav-
eled from the center target during the entire trial for each target.

in the measurement protocol were determined. Subsequently,
each facet was identified as either a random or fixed effect. The
dayand target facets were identified and treated as random
facets. That is, the conditions of these facets were identified as
being a random representative sample selected from all possible

— Dataan

Both EE and ME are expressed as a percentage of the test target
distance. Figure | illustrates EE, ME, and DC.

Data Analysis

observations for these facets.'"*" For example, since the facet,
days, was considered to be a random effect, then the three
testing days used in the present measurement design were con-
sidered to be representative of a selected sample from all of the
potential days (ie, the universe of days) from which test scores

ducted—to—exmnne—ﬁ're—re’rrabﬁuy of
each of the dependem variables measured in each of the two
LOS tests conducted (ie, 75% and 100% of maximum LOS).
The GENOVA computer program (Version 2.2) was used to
analyze all data.'” Analyses of both measurement consistency

can be obtained. In contrast to the day and target facets, the
75% and 100% LOS tests were originally identified as fixed
facets. The results of a preliminary analysis implementing a
strategy for handling fixed facets, however, indicated that sepa-
rate G studies should be performed for the two LOS tests.'

and generalizability were conducted using a fully crossed 38 X
3 % 8 (subjects X day x target) random effects RM ANOVA
design.

Measurement consistency. The consistency of the LOS
variables across the cight targets and three testing days was

Variance estimates were then calculated for each source of
variation in the mode] based on the expected mean square values
and calculated mean square values from the RM ANOVA out-
put. Thus, variance estimates were derived for subject (S), day

(D), target (' ), subject by target (SXT)

determined by performing tests of statistical significance for the
calculated quasi-F ratios based on mean squares from the RM
ANOVA output.” For these analyses, the alpha level of signifi-
cance was adjusted to p < .01 to minimize the inflation of type
1 error. Tukey post hoc comparisons of means were conducted

T). subject by day (SXD
day by target (DXT), and the subject by day by target interaction
combined with the residual random error (SXDXT, E). When
performing these calculations, if negative variance components
were obtained, the estimates were set to zero, and the zero value

if significant differences across days were evident. The alpha
level for post hoc comparisons was also set at p < .01.
Generalizability theory. Generalizability theory (G-theory)
permits the researcher to identify and estimate the relative con-
tribution of numerous sources of measurement error within a

components,'*'**!

A G study was then performed to assess the relative contribu-
tion of each error source as a percentage of the total measure-
ment error, while a D Study was performed to determine the
optimal measurement protocol across the universe of days and

mewlﬁmmw—mﬂmm—

single model.*"*"* Also, G-theory distinguishes between two
types of studies: a G (generalizability) study and a D (decision)
study.*"* In the G study, the researcher identifies the various
measurement conditions, or “‘facets,”” that contribute to the

of similar conditions of measurement’™ (eg, trials, days,

Arch Phys Med Rehabil Vol 78, October 1997

targets. G coefficients were calculated where the Days facet
was generalized (ie, varied) across the three test days and the
target facel was generalized across the eight test targets. The
calculated G coefficients can be interpreted as reliability coeffi-

‘‘set_ cients across the universe(s) of the vario:

the study.
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Table 1: Variance Componeants and Percentage of Variation for
Movement Velocity

1081

Table 3: Variance Components and Percentage of Variation for End
Point Excursion

75% LOS 100% LOS 75% LOS 100% LOS

Source of Variance Pe ge of Vari Percentage of Source of Variance Percentage of Variance Percentage of

Variance Component Vanation Component Variation Variance Component Variation Camponent Vanation
Subject 574 18.43 362 15.01 Subject 98.05 22.38 110.86 29.86
Day 059 188 005 20 Bay 949 217 250 67
Target 524 16.81 462 19.18 Target 67.70 15.45 65.23 17.57
SxD 274 a8 .083 3.46 SxD 8.70 1.99 337 1.02
Sx=xT 362 11.30 331 13.75 ST 61.69 14.08 73.50 1979
DxT .040 1.29 .000 .000 DxT 1.89 43 192 52
SxDxTE 1.29 41.47 1.166 48,40 SxDxT.E 190.56 4350 113.52 30.57
Total 3ITTE 99.99 2309 100.0 Total 438.08 100.00 37130 100.00

Abbreviations: LOS, limits of stability; S x D, subject by day; S = T,
subject by target: D < T. day by target; S x D » T, E, subject by day by
target combined with random error.

Abbreviations: LOS, limits of stability; S x D, subject by day; S = T,
subject, by target; D » T, day by target; S x D = T, £, subject by day by
target combined, with random error.

Additionally, the standard error of the measurement (SEM)
was obtained for each of the LOS movement variables. The
SEM was calculated as the square root of the absolute error
variance.™" The SEM provides an indication of the absolute

Target Facet

In contrast to the low relative variance contributions attrib-
uted to the Day facet and the SXD and DXT interactions, the
target facet and the SXT interaction accounted for lurger propor-
tions-of-thetotal-vari i ; 1=

reliability of the measure as opposcd to the relative reliability

provided by the G coefficient."*"* Specifically, the calculated
SEM provides the clinician with-an amount of crror 1o be ex-
pected in a patient’s performance score. The SEM values pro-
vide a confidence interval about which a subject’s score is ex-

ables examined (wables | through 4). Differences in test target
performance were associated with approximately 14% (ME) to

32% (DC) of the vanability in the 75% LOS test scores and
approximately 14% to 20% (ie, ME and DC, respccme]v}ut the

pected to vary. The lower the SEM value. relative to the mean
performance score, the greater the absolute reliability of the
measurement

variability in the scores across the fo n
variables examined. Additionally, the relative variance contribu-
tions_attributed to the SXT interaction ranged from approxi-
mately | 1% (MV) o 21% (ME) and 14% (MV) to 27% (DC)
for the 75% and 100% LOS tests, respectively.

Day Facet
The G»kludy n:xults prcxented n tdbles 1 Ihrough 4, |nclude

tion in the 75% LOS test p-ei!on'nance attripu

llu.. estimaie ] £

for each of the LOS movemenl vd.rmbleh cxdmmed As mdu.dted
in these tables, the relative variance contribution of the day facet
to the total measurement error for each of the LOS movement
variables was very small. Specifically, the percentage of varia-
e day
facet was less than 3% across the four variables examined.
Similarly, the vanance contributions of the day facet for the
100% LOS test ranged from 0% (ie. EE) to approximately 1%
(ie, DC). Moreover, the summation of the variance contributions

Residual Error Variance

A relutively large proportion of the total variance ineach of
the LOS movement variables was attributed to the residual error
variance. The three-way interaction term (SXDXT, E) combined

with random error accounted for approximately 29% 1o 44%
(ie. DC and EE. respectively) of the variation in the 75% 1.0S
test scores across the four LOS variables examined. Similarly.
the percentages of variation J\\nl_hllcd with Ihc SXDXT E
v O ¥ -
24% 10 48% (1c, ME and MV, respectively). Thus for both LOS
tests conducted, a significant proportion of the total variability in
the LOS performance was attributed o random error and/or
possible sources of measurement error not included in the pres-

of the day facet with contributions attributed to both the SXD
and DXT interactions yielded low total variances ranging from
approximately 2% (ie, EE at 75% LOS test) to 12% (ie, MV
at 75% LOS test).

ent-G-study-design:

D Study
The estimated G coefficients presented in lable 5 were de-
rived from the LOS scores on cuch of the three days of testing,

Table 2: Variance Components and Percentage of Variation for

Table 4: Variance Components and Percentage of Variation for

Maximum Excursion Directional Control
75% LOS 100% LOS 75% LOS 100% LOS
Source of Vanance P ge of Variance P ge of Source of Variance ?nframagp of Vanance = ge of
Variance Componeant Variati Comp Varation Variance Component Variation Component Variation
Subject 4396 28.26 85.25 40.67 Subject 0019 12.51 .0033 16.92
Day 000 00 .000 .00 Day 0003 1.76 0002 g7
Target 21.19 13.62 29.96 14.30 Target 0050 32.28 .0040 20.36
SxD 4.692 im 5.649 265 SxD 0004 2.18 .0005 2,57
S®T 3257 20792 3788 18707 S=T 0032 20063 0052 2661
DxT .000 .00 .000 00 DxT .0002 1.3 .0000 .00
SxD=xTE 53.15 34.17 50.95 243 SxDxT,E .0045 29.33 0064 3257
Total 155.56 100.00 209.58 1000 Total 10155 100.00 .0196 100.00

by +by-targ
targei comblned with randnm error,

Abbrev:anuns LOS limits of stabmw, S x 0 subject bv day; S » T,

arget combmed with random error

Arch Phys Med Rehabil Vol 78, October 1997
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Table 5: G Coefficient Estimates for Days = 1 Through 3 and Targets = 8

A + Valaci Maxi E EndPoint E i D I Control
Day 75% LOS 100% LOS 76% LOS 100% LOS 75% LOS 100% LOS 75% LOS 100% LOS
1 54 57 74 -84 71 80 60 63
2 .69 .70 82 -89 .80 .86 .70 a2
3 .75 75 85 21 B4 .B8 73 75

Abbreviations: LOS, limits of stability.

The estimated G coefficients for the four LOS movement vari-
ables ranged from .69 (ie, MV at 75% LOS) to .89 (ie, ME at

The_additi f the third

testing day yielded minimal increases in the estimated G coeffi-
cients. Collectively, the estimated G coefficients derived from
the D studies indicated moderate to high reliability estimates
when generalizing the LOS tests across two and three days of

Moreover, maximal excursions of the COG through the theo-
ratlca! reglons of ﬂtablllly (ie, ME) dunng the 75% LOS test

8) dl‘ld rear target ( targct 5) whcn (.omparud wuh thc remammg
six targets. Similar results in the post hoc comparisons of the
ME measurements were evidenced in the 100% LOS test. The
100% LOS test l'Cﬁl.l]E‘i alr.o mdlcatcd thdt ME valucs for thc

laft o 3]
e TOrWard

icSﬁuE.

Measurement Consistency

The degree of consistency in the LOS movement variables
across repeated observations was determined using an F test

larget (la:gel l) were mgmhcanlly smaller “than Ihose for the
remaining five targets. Results from the post hoc comparisons
also indicated that the maximal excursions of the COG through
the stability region for both LOS tests were largest for the nghl

based on RM ANOVA results for both LOS tests conducted.
Results from these analyses indicated no significant differences
in MV (F(2.34) = 4.56, p > .025 and F(2.23) = 2.07,p > .10
for the 75% and 100% LOS tests, respectively) and ME (F(2,25)
= 1.30, p > .25 and F(2,29) = 1.02, p > .25 for the 75% and

forward target (target 2), right rear diagonal target {target 4),
and left rear diagonal target (target 6).

The level of COG movement control (ie, DC) ta the forward
target (target 1) and the rear target (target 5) was lower than
the degree of control reported for the remaining six targets. In

100% LOS tests, respectively) measurements across the three
testing days. Similarly, for tests conducted at 100% of the theo-
retical stability limits, differences in EE measures across the
three test days were nonsignificant (F(2,17) = 4.50, p > .025)

In contrast, significant differences in LOS performance scores

contrast, the DC values obtained for the two lateral targets
(targets 3 and 7) and the right forward diagonal target (target
2) were significantly lower (ie, greater COG control) than those
calculated for all other targets.

across the three test days were observed for EE measures ob-
tained for the 75% LOS test (F(2,19) = 9.69, p < .005) and
for DC measures associated with both the 75% and 100% LOS
tests (F‘{2 20) = 65‘5 p < .01, and F(2,24) = 6.56, p < .01,

isons for the

Standard Error of Measurement

The calculated SEM values for each of the four dynamic
balance measures were derived from the variance components
using the full measurement protocol (ie, three test days and

EE variable indicated that EE values for day 1 were significantly
lower than values obtained for test days 2 and 3. In addition,
post hoc comparisons for the DC measurements indicated that
DC values for days 2 and 3 were significantly lower (ie, greater

cight targets). The SEM values and the mean scores on each
test day collapsed across the eight targets for the four LOS
movement variables are presented in table 6. The calculated
SEM values for each movement variable were relatively small
compared with the respective mean scores.

€06 \.Uﬂ'(fﬁl‘)‘fhﬂﬂ‘%’&ﬂ‘ﬁbfﬂiﬂed—ﬁﬂ—da; -

Although LOS performance scores were relatively consistent
across the three testing days, significant differences were observed
in each of the LOS movement variables across the eight test
targets. Specifically, significant target effects were evident for MV

1825, p < 01), and DC (F(7,100) = 21.69, p <

EE (£(7,36) =
.01) for the 75% LOS test. Additionally, significant differences
in MV (F(7.45) = 28.70, p < .001), ME (F(7,96) = 22.29,p <
001), EE (F(7,56) = 19.27, p < .01), and DC (F(7,41) = 27.12,

DISCUSSION

Collectively, the results of our investigation indicate that the
LOS test, (.ondut.te:d at ellher 75% or 100% of the theoretical

ance when
administered to commumly dwelling, healthy older adults with
no recent history of falls. Reliability estimates for MV, ME,
EE, and DC using the complete LOS test (ie, eight test targets)
and three test days ranged from moderately high to high.” Fur-

p < 0T) were observed for the TO0% 1.OS Test.

The results of the Tukey post hoc comparisons for the 75%
and 100% LOS test performance scores indicated that the COG
excursions to the forward and rear targets (target | and target
5, respectively) were significantly slower (ie, MV) than those

thermore, resulis from the RM ANOV Aindicate that, in general,
the measures of dynamic balance derived from the LOS test are
consistent across multiple evaluations.

Although other investigators have also reported moderately
high reliability estimates for the 75% LOS test, direct compari-

for the remaining six targets. Additionally, MV scores for the
left forward target (target 8) were significantly slower than those
for the right forward target-(target 2), right lateral target (target
3), and left rear diagonal target (target 6).

Initial COG excursions (ie, EE) were shorter within the limits

sons with our results are not possible.”” Specifically, the previ-
ous investigations reported the test-retest reliability of LOS
movement variables that are no longer available in- the most
recent Balance Master software (version 5.0b). The original
movement variables associated with the LOS test (ie, movement

of stability for both the forward and rear targets (targets | and
5, respectively) as compared with the remaining six targets. In
contrast, EE scores for the right forward target (target 2) were
significantly larger (ie, longer COG excursions through the sta-
bility region) than the values for all other targets except the left

time, path sway, target sway, and distance error) could be prob-
lematic for both the researcher interested in establishing the
test’s reliability and the practitioner attempting to obtain-a com-
prehensive assessment of dynamic balance performance across
different patient populations. In previous software versions, cer-

rear diagonal target (target 6).
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Table 6: Mean Values for Days Collapsed Across the Elgh‘t Targets

T Velocity ionat-Controt

Day 75% LOS 100% LOS 75% LOS 100% LOS 75% LOS 100% LOS 75% LOS 100% LOS
1 2.69 2,67 103.02 §1.37 86.83 76.90 304 295
2 2.76 2.84 103.75 92.16 91.57 78.94 274 281

3 313 285 104.06 92.44 93.06 80.47 am .265
SEM 53 .42 3.24 353 5.50 4.92 .038 041

Abbreviations: LOS, limits of stability; SEM, standard error of measurement.

did not reach a particular test target or, did not remain inside  the measurement characteristics of conducting multiple LOS

the target for a sufficient period of time (i¢, 4 seconds)." Ceiling
effects associated with the movement time variable were also
evident when the individual being tested was unable (o reach a
test target within an 8-second time period. A maximum score
of 8 seconds wus recorded-in these situations. These ceiling

test sessions within a single day reflect those characteristics
associated with administering the LOS test across multiple days,
This assumption has yet to be iested using the LOS movement

variables available in the most recent Balance Master software
version S.0b

cffects have the potential to bias the reliability of the test.
Unlike previous studies conducted to evaluate the reliability

of certain computerized poslurography tests, reliability in the

pre'scnt tnvcattgatlon was esnmatcd uwmg generallublluy the-

theory is consldered to be lhe mot.t appmpnale methodology
currently available for estimating test reliability.'* Not only does
G theory extend classical reliability theory by estimating the
magnitude of multiple sources of measurcment error it then

Target Facet

In contrast to the small variance contributions associated with
the day f.u::et large cunmbutmm to the total measurement error

€ farget facer and the interaction of

subjects wuh targets (ie, SXT). This variability or inconsistency
in the performance scores for different targets negatively affects
the reliability of the dynamic balance measures as well as the
generalization of the present findings from one clinical test

attows for th

optimal mcasurementldesigﬁ can be identified **"

Day Facet

— The results from the G studies conducted for each of the

session o another. Findings of an interactive effect for subjects
by targets indicated that for both LOS tests performed. measures
of dynamic balance for a particular subject varied as a function
of the test target. For example, some subjects demonstrated
poorer performance to the three left targets (ie. targets 6. 7. 8)

four measures of dynamic balance indicated that the day facet
contributed very little to the variability in the measurement
scores across the three testing days. Subsequent analyses con-
ducted 1o assess :he dcbrec of r:onsnslem y in the dynamic bal-

and EF LODdULIGd at IOO‘X LOS) of the four variables no \Ialu-
tically significant changes in the measurcments were observed.
In contrast to these three movement variables, subjects do not
perform comi-.temly on the DC measure until completion of

as compared with other subjects.

Possible explanations forwarded to account for the variability
in a subject’s performance (o the different argets include (1)
an inability for some older subjects to produce shifts in the

: T 1 [l . i
limits of stability, as well as (2) an inappropriate selection of
postural strategies (cg, hip vs ankle strategy). Although many
of the subjects in the present study were able to produce dis-
placements of the COG to each of the LOS targets, for some

—the second day of testing:

Since dynamic balance measurements are both consistent and
generalizable across days, as indicated by the RM ANOVA
results and the low variance estimates for the day facet (ie, less
than 3%), a clinician may select the recommended two LOS test

"‘der—subjeeh—ecm%;get—posumm—appea;—m—meed—mgwi

actual limits of stability, These findings are consistent with
recent investigations that have reported age-related declincs in
the region of stability.** Thus. the variability in the subjects
by targets error component may be an indication of such age-

sessions from a variety of test days. Although the test sessions in
the present study were administered on consecutive days, previ-
ous investigations estimated the reliability of LOS tests con-
ducted at 1-week intervals.** Similar to the present study, these
investigations reported moderate to high reliability estimates of

lated-dech mn-th tual EOSfor someof theolder adult—————
TCTACU ACTTmes 1 Uneaci,

subjects tested in the present study.

Unexplained Variance
An additional error source providing large contributions to

LOS performance measures.

Often in clinical practice, administration of the LOS test on
multiple days may not be practical beecause of both time and
cost constraints. Consequently, a clinician may wish to assess
indices of dynamic balance on a single test day. Henderson and

the variability in the total measurement was the highest order
interaction (SXDXT, E) combined with the random error com-
ponent. This error component contains not only the unexplained
random variance but also the error variance attributed to facets
that have not been identified in the study. In the present investi-

colleagues® administered multiple LOS tests within a single test
session (ie, same test day). These investigators, using movement
variables derived from an earlier software version, reported
moderate to moderately high reliability estimates for LOS per-

colleagues, together with the minimal varation in LOS per-
formance measures across days in the present investigation,
indicate that clinicians and researchers can cxpect accurate as-
sessments of the multiple indices of dynamic balance by admin-
of the ussessments on a single test day assumes. however, that

gation, age may have been a potential facet contributing to the
variability in the dynamic balance measurements. Age effects
have been previously identified by Hageman and colleagues® as
a factor influencing an individual’s ability to control the speed

4 vements within the region of stability.

Although standardization of the test instructions minimizes
the variability associated with the subjects” understanding of
the task to be performed, misinterpretations of the visual bio-
fecdback may sull occur, Speuhcally. some of our subjects may

nderstanding the informationpro-

wdcd by the COG cursor, despitc standardized test instructions

Arch Phys Med Rehabil Vol 78, October 1997
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and the opporrumty to adequate]y famlllan?e themse]ves wrth

_ Standard Error of the Measurement

liw,m:lmguf the verbal lnslrucnons and/or the wsua] blofeedback
may have contributed to the variability in the dynamic balance
measures atiributed to the random error component.

GENERALIZABILITY OF DYNAMIC BALANCE, Clark

whlch Lhe complete LOS test is performed. It remains to be

dlffcrent pallcnt populations evaluated on this test of dynamic
balance.
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