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Abstract

Background

Impaired balance has a significant negative impact on mobility, functional independence, and fall risk
in older adults. Although several, well-respected balance measures are currently in use, there is limited
evidence regarding the most appropriate measure to assess change in community-dwelling older adults.

Objective

The aim of this study was to compare floor and ceiling effects, sensitivity to change, and responsiveness
across the following balance measures in community-dwelling elderly people with functional
limitations: Berg Balance Scale (BBS), Performance-Oriented Mobility Assessment total scale (POMA-
T), POMA balance subscale (POMA-B), and Dynamic Gait Index (DGI).

Design

Retrospective data from a 16-week exercise trial were used. Secondary analyses were conducted on the
total sample and by subgroups of baseline functional limitation or baseline balance scores.

Methods

Participants were 111 community-dwelling older adults 65 years of age or older, with functional
limitations. Sensitivity to change was assessed using effect size, standardized response mean, and paired
t tests. Responsiveness was assessed using minimally important difference (MID) estimates.

Results

No floor effects were noted. Ceiling effects were observed on all measures, including in people with
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moderate to severe functional limitations. The POMA-T, POMA-B, and DGI showed significantly larger
ceiling effects compared with the BBS. All measures had low sensitivity to change in total sample
analyses. Subgroup analyses revealed significantly better sensitivity to change in people with lower
compared with higher baseline balance scores. Although both the total sample and lower baseline
balance subgroups showed statistically significant improvement from baseline to 16 weeks on all
measures, only the lower balance subgroup showed change scores that consistently exceeded
corresponding MID estimates.

Limitations

This study was limited to comparing 4 measures of balance, and anchor-based methods for assessing
MID could not be reported.

Conclusions

Important limitations, including ceiling effects and relatively low sensitivity to change and
responsiveness, were noted across all balance measures, highlighting their limited utility across the full
spectrum of the community-dwelling elderly population. New, more challenging measures are needed
for better discrimination of balance ability in community-dwelling elderly people at higher functional
levels.

Balance, an integral component of physical function, is a fundamental area of assessment and
intervention in adult rehabilitation.t Critical for normal performance of basic and advanced activities of
daily living,2 balance has been predictive of function, mobility, and fall risk in different patient
populations and clinical settings.?l_Q In addition to being impaired secondary to disease and injury, a
decline in balance is routinely seen with agingZ-€ and is a leading cause of falls in elderly people.2 Given
the importance of balance for function and the high morbidity and mortality associated with fall-related
injuries in older adults, considerable research has been conducted on assessment and improvement of

balance in the elderly population.%

Clinicians and researchers routinely use standardized balance tests to diagnose balance deficits, quantify
fall risk, and monitor change in balance over time. Although several balance tests are available, any
given test may not necessarily address all measurement purposes in a given context.!L Selection of a
specific measure is ideally dependent on its appropriateness and practicality for the intended purpose
and target population.1>>22 An appropriate measure should have essential psychometric properties,
including adequate reliability, validity, measurement breadth, and minimal floor or ceiling effects, for
the intended purpose and population.-12 Additionally, an appropriate measure should have adequate
sensitivity to change and responsiveness when used for assessment of change’2:23 and adequate
sensitivity and specificity when used for diagnosis.22 Finally, an appropriate test should have been
developed for, or tested in, the target population.12

The Berg Balance Scale (BBS),231471Z Performance-Oriented Mobility Assessment (POMA),14712
and Dynamic Gait Index (DGI)24 72229722 are among the performance-based balance measures most
extensively used in older adults. Although these measures were not developed specifically for use in the
community-dwelling setting, there is evidence supporting their reliability and validity in community-
dwelling older adults,*>22 as well as their sensitivity and specificity in predicting falls and need for
clinical services.>12:18-22:24 Concern has been raised, however, regarding the potential for ceiling
effects when these measures are used in community-dwelling older adults, who represent an elderly
population with a higher level of functioning.g’l—z’ﬁ’%_gz Additionally, although the BBS, POMA, and
DGI have been used to assess change in balance in community-dwelling older adults,ﬁ’ﬁ their
sensitivity to change and responsiveness in this population remain largely unexplored.**

Sensitivity to change is defined as the ability of an instrument to measure a change in state, regardless
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of whether the change is relevant or meaningful to the decision-maker.13-22 Although necessary,
sensitivity to change has been described as insufficient for assessing change’ and establishing
treatment effectiveness.>® Responsiveness, defined as the ability of an instrument to measure a
meaningful or important change in a clinical state,/*13-22 has been advocated as an essential property
of instruments designed to measure change'3-2% and effectiveness of interventions.** Similar to
reliability and validity, responsiveness is not considered a generalizable property and should be assessed
for each population and purpose for which the measure is used.>® Responsiveness is commonly
reported through the minimally important difference (MID) estimate,332 whereby a change score on
a measure should equal or exceed its MID estimate to be considered important. Estimating MID of
measures enhances interpretation of change scores, establishing benchmarks to help determine
meaningfulness of change.>%-33

Limited evidence regarding the most responsive balance measures for community-dwelling older
adults®12-14,16 may at least partially explain the frequent use of a combination of tests to assess
change in balance in this population.1>:34:35 Because the median time to complete most standardized
balance tests is 15 minutes,>4 administration of multiple tests can be expected to place considerable
burden on both patients and clinicians and result in inefficiency in clinical and research settings. A
comparison of commonly used balance measures within a single sample of community-dwelling older
adults is needed to allow valid conclusions regarding their relative superiority and guide test selection by
clinicians and researchers.

In the present study, we sought to compare psychometric performance of 4 balance measures widely
used in the community-dwelling elderly population and fill the gap in knowledge regarding their
measurement breadth, sensitivity to change, and responsiveness. To our knowledge, performance of
these measures has not been compared previously in a single community-dwelling elderly sample.
Specifically, the aim of our study was to compare floor and ceiling effects, sensitivity to change, and
responsiveness across the BBS, POMA total scale (POMA-T), POMA balance subscale (POMA-B), and
DGI in a sample of community-dwelling elderly people with limitation of physical function. A sample
with functional limitations was chosen to represent a population of community-dwelling older adults
likely to seek physical therapy services.

Method

Sample and Design

The study involved secondary analysis of data from a 16-week, single-blinded randomized controlled
trial comparing 2 supervised exercise programs, conducted at 2 outpatient rehabilitation facilities in the
greater Boston area.3% All participants gave written informed consent prior to participation in the trial.
Inclusion criteria were age of 65 years or older, Short Physical Performance Battery (SPPB) score of 10
or less to rule in functional limitation, and ability to climb a flight of stairs independently with or
without a device. Exclusion criteria were a Mini-Mental State Examination score of less than 23 to rule
out cognitive impairment, unstable acute or chronic disease, or a positive exercise tolerance test.36
Because there were no significant differences between the 2 exercise groups in age, sex, body mass
index, or improvement of balance, mobility, and self-reported function, we combined the 2 exercise
groups into a single sample of 111 participants for the present study.

Table 1 shows the baseline descriptive characteristics of the sample. The majority of our participants
were female, 28% were 80 years of age or older, 24% retrospectively reported falls in the previous year,
and 4.3% reported assistive device use. Mean body mass index indicated that our sample, on average,
was overweight. Number of active medical diagnoses ranged from 1 to 14, with a mean of 5.6. The
SPPB scores indicated that 55% of our sample was moderately limited in baseline function, with a mean
SPPB score of 8.4. Mean balance scores were in the higher ranges, implying that our sample, on
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average, had mild impairment on these tests.

Measures

Two research assistants who received standardized training administered the measures in single sessions
at baseline and upon completion of the study at 16 weeks.

SPPB. The SPPB is a well-established, highly reliable, and valid measure of lower-extremity and
physical functioning in the elderly population and consists of 3 components: standing balance, gait
speed, and repeated chair rise.32-38 Balance items include standing with feet side by side, semi-tandem
stance, and tandem stance, scored based on time each position is held. Gait speed is scored based on
time taken to walk 4 m at usual speed. Repeated chair rise is scored based on time taken to complete 5
chair-rise repetitions. Each SPPB component is scored from o0 to 4, with higher scores indicating better
function. Short Physical Performance Battery scores of 10 or less have been found to be predictive of
future mobility disability, with a sensitivity of 0.69 and a specificity of 0.84.32

Using baseline SPPB scores, we divided our sample into 3 subgroups to define extent of functional
limitation. Participants with a baseline score of 10 were classified as having mildly limited function,
those with scores of 7 to 9 were classified as having moderately limited function, and those with scores
of 5 to 6 were classified as having severely limited function.38:42 These subgroups were created to allow

comparison of balance measures across people with varying functional limitation.

Balance. Balance was assessed using the BBS,%2 POMA,? and DGI,2% which have established
reliability and validity for use in older adults. Higher scores indicate better balance on all measures.

The BBS%3 consists of 14 items primarily assessing transfers and static standing balance, with limited
dynamic activities. Examples of BBS items include sitting balance, sit-to-stand maneuver, standing with
eyes open and closed, turning 360 degrees, and single-leg stance. The BBS items are rated on a 0 to 4
scale based on performance quality, performance duration, or assistance needed, with a total score
range of 0 to 56 points.

The POMA versiont24L used in this study consists of a balance component comprising 9 items and a
gait component comprising 7 items. Like the BBS, the POMA-B primarily assesses transfers and static
activities through similar items such as sitting balance, sit-to-stand maneuver, standing with eyes open
and closed, and turning 360 degrees. The primary difference between the BBS and POMA-B items is in
the rating scale used. Additionally, the POMA-B assesses response to an external nudge while standing.
The gait component primarily consists of observational gait analysis at usual and rapid but safe speeds.
The POMA items are rated on a 0 to 1 scale or a 0 to 2 scale based on performance quality or need for
assistance or devices. The POMA-T score range is 0 to 28, the POMA-B score range is 0 to 16, and the
POMA gait score range is 0 to 12. The POMA-T and POMA-B scores were used in this study.

The DGI2%22 is an 8-item measure of dynamic balance assessing a person's ability to adapt to various
gait challenges. Examples of DGI items include changes in gait speed, head turns while walking,
negotiating obstacles, and negotiating stairs. The DGI items are rated on a 0 to 3 scale based on
performance quality, performance speed, or need for assistance or devices, with a total score range of o
to 24.

Data Analysis

Statistical Analysis Software version 9.1 (SAS Institute Inc, Cary, North Carolina) was used for analysis.
Descriptive analyses were performed on demographic characteristics, number of active medical
diagnoses, and baseline SPPB and balance scores. Means and standard deviations were calculated for
continuous variables, and frequencies and percentages were calculated for categorical and ordinal
variables. Floor and ceiling effects were computed for baseline and 16-week assessments for each
balance measure. Sensitivity to change and responsiveness were examined using change scores between

w w w .ncbi.nim.nih.gov.proxy.mul.missouri.edu/pmc/articles/PMC3291380/?report=printable 4/15



s of Faidd Balance Measures for Community-Dw elling Older A...

baseline and 16-week assessments for each balance measure. In addition to total sample analyses,
subgroup analyses were conducted to examine performance of measures across participants of varying
baseline physical function or varying baseline balance scores.

Floor and ceiling effects. Floor and ceiling effects were calculated as the percentage of participants who
achieved the minimum and maximum possible scores, respectively. Floor and ceiling effects were
calculated for the total sample and for the subgroups stratified by baseline SPPB functional limitation.
The McNemar test for dependent data was used to formally compare floor and ceiling effects, when
present, of balance measures. Because there were 6 pair-wise comparisons among the 4 balance
measures, the Holm sequential Bonferroni correction was used for significance testing to maintain a
family-wise error rate of .05 for comparisons within the total sample and within each functional
limitation subgroup.

Sensitivity to change. Our choice of sensitivity to change estimates was based on our assumption that
change would be homogenous across the sample.#2 Thus, distribution-based statistics that assume
homogenous change, including Cohen effect size (ES), standardized response mean (SRM), and paired t
tests,%2 were computed for the total sample and for dichotomous subgroups using mean baseline
balance scores as cutpoints. We dichotomized the sample using mean baseline balance scores to
examine whether sensitivity to change of balance measures varied in individuals with lower versus
higher baseline scores. Effect size and SRM express change scores in terms of the underlying sampling
distribution, using standard deviation estimates.#3 Effect size**+ and SRM4> are standardized indicators
of power of an instrument to detect true change, with larger values indicating higher sensitivity to
change.*2

The Cohen ES was calculated as (Ms — M;)/Sp,#4 and the SRM was calculated as (M, — M;)/Sa,%>
where M, and M; are the mean 16-week and baseline scores, respectively; Sy is the baseline standard
deviation; and Sy is the standard deviation of the mean change score. An ES of 0.2 reflects small
change, an ES of 0.5 reflects moderate change, and an ES of 0.8 reflects large change.4 Paired t tests
were computed to examine whether a significant change in balance had occurred from baseline to 16
weeks on each measure.

The bootstrap method4® was used to test for significant differences in ES and SRM estimates,
respectively, of the 4 balance measures in the total sample. One thousand bootstrap samples of the
difference in ES and SRM estimates, respectively, across the 4 measures were generated. The 1,000
estimates of differences in ES and SRM values were rank ordered, and the 1-sided P values were equal to
the rank values where the difference between measures in ES and SRM estimates, respectively, was o.
The Holm sequential Bonferroni correction was used to maintain a family-wise error rate of 0.05 across
the 12 ES and SRM comparisons. The bootstrap method also was used to test whether there were any
significant differences between lower and higher balance subgroups in ES and SRM estimates for each
balance measure, at a .05 significance level.

Finally, we calculated 95% confidence intervals for ES and SRM estimates of each balance measure by
first calculating ES and SRM estimates in each of the 1,000 bootstrap samples that were generated. The
bootstrap distribution of ES and SRM estimates then was compiled, with values at the 2.5th and 97.5th
percentiles in the distribution representing the 95% confidence limits. 46

Responsiveness. Distribution-based methods, which have been recommended when anchor-based
methods are not feasible,2L also were used to determine the MID of each balance measure for the total
sample. Additionally, because responsiveness has been found to vary with baseline scores on a
measure, 2248 we calculated separate MIDs for dichotomous subgroups using mean baseline balance
scores as cutpoints. We selected mean baseline scores as cutpoints in order to assess whether
responsiveness of the balance measures varied in individuals with lower versus higher baseline scores.

The MID is considered better represented by a range of values rather than a single value because any
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single estimate is associated with a degree of variation or uncertainty.#> Therefore, MID values were
calculated using 2 commonly used ES estimates in the literature: 0.3 x Sy, and 0.5 x Sy, where Sy,
represents standard deviation of the baseline balance score.3249 Effect size estimates are frequently
used as indicators of responsiveness.’>32 Change scores obtained from paired t-test analyses were
compared with corresponding 0.3 x S and 0.5 x Sp, MID estimates to examine whether statistically
significant differences exceeded MID estimates for each measure.

Role of the Funding Source

Dr Bean was funded by the Dennis W. Jahnigen Scholars Career Development Award, American
Geriatrics Society/Hartford Foundation, a National Institutes of Health—Mentored Clinical Scientist
Development Award (K23AG019663-01A2), and the Department of Physical Medicine and
Rehabilitation, Harvard Medical School.

Results

Floor and Ceiling Effects

No floor effect was noted for any balance measure. Figures 1 and 2 display baseline and 16-week ceiling
effects, respectively, for the total sample and by subgroups of baseline functional limitation. Ceiling
effects were higher in the 16-week assessment and in participants with higher functional levels. At
baseline, the BBS showed no ceiling effect in the subgroup with severely limited function; significantly
lower ceiling effects than the POMA-T, POMA-B, and DGI in the total sample and the subgroup with
moderately limited function; and a significantly lower ceiling effect than the DGI in the subgroup with
mildly limited function. At baseline, both the POMA-T and POMA-B showed significantly lower ceiling
effects than the DGI in the total sample. No significant differences in baseline ceiling effects were noted
among the POMA-T, POMA-B, and DGI in the 3 functional limitation subgroups.

In the 16-week assessment, the BBS continued to show no ceiling effect in the subgroup with severely
limited function; significantly lower ceiling effects than the POMA-T, POMA-B, and DGI in the total
sample and the subgroup with moderately limited function; and significantly lower ceiling effects than
the POMA-B and DGI in the subgroup with mildly limited function. In addition, in the 16-week
assessment, the POMA-T showed a significantly lower ceiling effect than the POMA-B in the total
sample.

Sensitivity to Change

Total sample ES values were small, ranging from 0.27 to 0.40, whereas ES values for the lower balance
subgroups were moderate to large, ranging from 0.64 to 1.60. The 95% confidence intervals for ES and
SRM estimates for the total sample ranged from small to moderate, whereas 95% confidence intervals
for the lower balance subgroups ranged from small to large. Finally, all 95% confidence intervals for ES
and SRM estimates in the higher balance subgroups contained zero, indicating a nonsignificant effect (
Tab. 2).

In the total sample, there were no significant differences in ES and SRM values across the balance
measures, except for a significantly larger ES for the POMA-B compared with the POMA-T (Tabs. 2 and
3). Subgroup analyses revealed significantly larger ES and SRM values in lower balance subgroups
compared with higher balance subgroups across all balance measures (Tabs. 2 and 4).

Comparison of baseline and 16-week balance scores revealed significant improvement on all measures
in the total sample and lower balance subgroups (Tab. 2). However, compared with the total sample, a
larger mean balance improvement was consistently seen in the lower balance subgroups. The higher
balance subgroups showed no significant change on any balance measure from baseline to 16 weeks.

Responsiveness
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Across all measures, MID values were largest for the total sample and smallest for the higher balance
subgroups (Tab. 2). In the total sample, when change scores from paired t tests were compared with
corresponding MID values, no change score exceeded the 0.5 x Sy, value, whereas the POMA-B change

score marginally exceeded the 0.3 x S, value. In the lower balance subgroups, all change scores
exceeded corresponding 0.3 x Sp and 0.5 x S MID values. In the higher balance subgroups, no change
score exceeded the 0.3 x Sp or 0.5 x Sp, MID values (Tab. 2).

Discussion

The intent of our study was to provide information to guide selection of balance tests for assessment of
change in community-dwelling elderly people. Our results highlight critical limitations, including ceiling
effects, relatively low sensitivity to change, and limited responsiveness of 4 balance measures used
extensively in the community-dwelling elderly population. Although our sample, consisting of volunteer
participants, may have been biased toward older adults with higher functional levels who are motivated
to exercise, their demographic and balance characteristics are similar to those in other studies of
community-dwelling older adults, supporting generalizability of our results.2-1322,25

Although similar baseline balance characteristics have been noted in other studies of community-
dwelling older adults, higherz’ﬁ’g’25 and lower>23:22 halance scores also have been reported,
indicating that heterogeneity in balance performance exists within this population. In addition to being
a result of different inclusion criteria, the range in balance performance observed across studies may be
explained by the reported negative association of balance with age,z’§ assistive device use,”* and history
of falling.2122 Because research involving community-dwelling older adults is likely to include
individuals with a range of demographic and functional characteristics, any balance measure used
should have adequate sensitivity to capture the broad continuum of balance associated with this

population.

Although ceiling effects on the BBS were lower than on the other measures, they were nevertheless
observed, particularly in the subgroup with mildly limited function. Considering the BBS is frequently
used as the criterion standard to assess balance and validate mobility and balance measures,32-23
ceiling effects pose an important measurement concern when the BBS is used in community-dwelling
older adults. Only the subgroup with severely limited function showed no ceiling effect on the BBS,
suggesting that the measure may be more appropriate for use in community-dwelling older adults with
lower levels of functioning. Compared with the BBS, the larger ceiling effects on the POMA, which
shares similar items, were likely due to the difference in rating scales of the 2 measures. In contrast to
the 5-point BBS rating scale, the POMA has a 2- or 3-point rating scale, with a notably lower threshold
to attain the maximum score on each item. Additionally, compared with the POMA and DGI, lower
ceiling effects on the BBS may be the result of its larger number of items and range of scores.

When a measure is used to capture change, high baseline scores and ceiling effects limit its ability to
detect improvement between 2 assessments, posing a serious concern for type II errors in clinical trials.
When the more serious risk of type II errors does not occur, outcome measures with limited sensitivity
to change may falsely diminish the overall magnitude of intervention effect. A potential diminished
intervention effect may be reflected in our findings, as evidenced by comparison of mean balance
improvement, ES, and SRM values for the total sample and balance subgroups. Across all measures,
lack of significant improvement in the higher balance subgroups notably decreased mean improvement,
ES, and SRM values in the total sample compared with the lower balance subgroups. Additionally,
although both the total sample and lower balance subgroups showed statistically significant change
scores across all balance measures, only the lower balance subgroups consistently showed change that
exceeded MID estimates. Large posttest ceiling effects on measures, as noted in our study, also may
diminish the magnitude of intervention effect by limiting the ability to capture continued improvement,
if present, in people at the ceiling.
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Our findings of high baseline scores and ceiling effects across the balance measures are in accordance
with previous concerns that these measures may be susceptible to ceiling effects in elderly people with
higher levels of functioning.2223:27 Ceiling effects arise due to limited higher difficulty items in a scale,
reducing the ability to distinguish among higher-performing individuals who, despite a possible
difference in ability, attain the maximum score. The potential limited utility of the BBS in people with
minimal balance deficits was discussed by developers of the instrument.2 Inability of the BBS to detect
potential true differences in balance at the high end of the scale also has been demonstrated.2%
Furthermore, Rasch analysis of the BBS in community-dwelling elderly men has shown a tendency for
a ceiling effect due to limited items to challenge people with scores above the 45/56 range.>4 Rasch
analysis of the DGI in community-dwelling elderly men also has revealed a lack of higher difficulty
items to sufficiently challenge people with the highest balance ability.>>

Our finding that ceiling effects, sensitivity to change, and responsiveness of the balance measures varied
based on baseline function and balance ability is supported by the literature. Responsiveness of the BBS
in people with stroke has been found to progressively decrease as time since onset of stroke increases.2%
Although large BBS ES values have been reported in people with acute stroke, ceiling effects and low
responsiveness have been reported as early as 30 to 9o days poststroke when some recovery of function
is expected to have occurred. Additionally, minimal clinically important difference estimates on

outcome measures have been found to vary with baseline scores on the measure. 4248

Given that our sample consisted of older adults with functional limitations, our finding of high balance
scores suggests that these measures have a low threshold for screening balance impairment, with
limited ability to capture hierarchical performance in the higher ranges of balance. This limitation,
however, may not be a surprising finding. Due to practical constraints on the length of standardized
tests, any measure designed to assess a broad range of functional status across a variety of patients and
rehabilitation settings is susceptible to having inadequate precision at a given ability level, as well as
ceiling and floor effects.>” Designing a single traditional, fixed-form measure that maximizes precision
and minimizes ceiling and floor effects across a range of patients and settings is impractical due to the
large number of items required to cover the full spectrum of ability.>Z Computerized adaptive testing,
which has the potential to overcome limitations of lengthiness, inadequate measurement breadth, and
ceiling and floor effects associated with fixed-form tests,>~ may offer a promising new approach to
balance assessment in community-dwelling older adults.2®

Our study, being a secondary analysis, had some limitations. First, although the BBS, POMA, and DGI
are among the most widely used balance measures in community-dwelling older adults, other measures
also are used in this population. Comparative sensitivity to change and responsiveness of other relevant
balance measures for community-dwelling older adults may be explored in future research. Second,
because distribution-based methods to determine MID depend on sample variability, a combination of
distribution-based and anchor-based methods that include participant ratings of change may have
strengthened the validity of our MID estimates. Nevertheless, distribution-based methods are widely
used to determine MID32-32,49,59 and have been recommended when anchor-based estimates are
unavailable.3* Distribution-based and anchor-based estimates of MID also have been found to show
convergence.31-32:20 Finally, the primary application of our MID estimates was to determine whether
statistically significant changes in balance scores exceeded minimally important changes at the group
level, rather than to report absolute values for individual application.

Conclusion

Based on their ceiling effects and relatively low sensitivity to change and responsiveness, the BBS,
POMA, and DGI have important limitations for balance assessment across the full spectrum of the
community-dwelling elderly population. There is a need for new, more challenging balance measures
for community-dwelling older adults that can capture deficits in the higher ranges of balance
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performance. To reduce ceiling effects on new measures, low difficulty items that may artificially inflate
scores can be replaced with higher difficulty items that allow better discrimination of balance ability.
Additionally, to reduce ceiling effects, the threshold to attain the highest score on rating scales can be
raised. Until new measures are developed, studies using the BBS, POMA, and DGI should consider
subgroup analyses to more accurately capture balance and change in balance across individuals of
varying functional status. The BBS demonstrated lower ceiling effects in community-dwelling older
adults compared with the POMA and DGI.

Footnotes

Dr Pardasaney, Dr Latham, Dr Jette, and Dr Bean provided concept/idea/research design. Dr Pardasaney, Dr Latham,
Dr Jette, Dr Wagenaar, Dr Ni, and Dr Bean provided writing. Dr Bean and Dr Slavin provided data collection. Dr Bean
provided fund procurement, participants, facilities/equipment, and clerical support. Dr Pardasaney, Dr Latham, and Dr Ni
provided data analysis. Dr Pardasaney and Dr Bean provided project management. Dr Latham, Dr Jette, Dr Wagenaar,
Dr Slavin, and Dr Bean provided consultation (including review of manuscript before submission).

This study was approved by the institutional review boards of Boston University and Spaulding Rehabilitation Hospital,
Boston, Massachusetts.

Dr Bean was funded by the Dennis W. Jahnigen Scholars Career Development Award, American Geriatrics
Society/Hartford Foundation, a National Institutes of Health—-Mentored Clinical Scientist Development Award
(K23AG019663-01A2), and the Department of Physical Medicine and Rehabilitation, Harvard Medical School.

This study used data from the clinical trial registered as NCT00158119.
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Varlable Measurement

l_.lemo-graphic wariatales

Age () 759
Age =80y 28%
Fermile 68.5%
Fell im previous year 24%
Assistive device user 4.3%
Body mass index (kg/m?) 279049

Mo, of active medical diagnoses 56 (2.5)

SFPB
Total score ((-12) .4 (1.5)
Balance subscale score (0—4) 30
4-m walk subscale score (0—4) 3.5(0.7)
Chair-rise subscale score (0-4) 1.9 (0.8)

SPPB subgroups

Mildly limited function (10) 30.6%
Moderately limited function (7-9) 550
Sewerely limited function (5-8) 14.4%

Balance measures

BES (0-56) 50.1 (5)
FOMA-T {0-28) 253030
POMA-B (0-16) 14 1(2)
DG 0=24) (3.7

a
Baseline Demographic Characteristics and Outcome Scores

@Values shown are mean (SD) unless otherwise specified. N=111 for all variables except assistive device
users, where n=93. SPPB=Short Physical Performance Battery, BBS=Berg Balance Scale, POMA-
T=Performance-Oriented Mobility Assessment total scale, POMA-B=Performance-Oriented Mobility
Assessment balance subscale, DGI=Dynamic Gait Index.

Figure 1.
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Baseline ceiling effects for the total sample and by subgroups of baseline functional limitation.
BBS=Berg Balance Scale, POMA-T=Performance-Oriented Mobility Assessment total scale, POMA-
B=Performance-Oriented Mobility Assessment balance subscale, DGI=Dynamic Gait Index. Severely
limited function=baseline Short Physical Performance Battery (SPPB) score of 5 to 6, moderately
limited function=Dbaseline SPPB score of 7 to 9, mildly limited function=Dbaseline SPPB score of 10.
Significant differences: [=between BBS and POMA-T, V=between BBS and POMA-B, 1 =between BBS
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and DGI, y=between POMA-T and DGI, Q=between POMA-B and DGI.

Figure 2.
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Sixteen-week ceiling effects for the total sample and by subgroups of baseline functional limitation.
BBS=Berg Balance Scale, POMA-T=Performance-Oriented Mobility Assessment total scale, POMA-
B=Performance-Oriented Mobility Assessment balance subscale, DGI=Dynamic Gait Index. Severely
limited function=baseline Short Physical Performance Battery (SPPB) score of 5 to 6, moderately
limited function=baseline SPPB score of 7 to 9, mildly limited function=baseline SPPB score of 10.
Significant differences: [=between BBS and POMA-T, V=between BBS and POMA-B, 1 =between BBS
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and DGI, ¢=between POMA-T and POMA-B.

Table 2.

ES SRM Mean Difference® MID MID
Measure n (95% CI) (955 CI) (5.) (0.3 = 5.) (0.5 = 5.)
BES

Total sample 100 0. 0,19, 0.44) 047 (0,27, 0,70} 14%(3.1) 1.65 250
Baseline BBS score <S0/56 40 | 0.89 (049, 1.09) 0.85 {049, 1.36) 2.9*(3.5) 1.40 210
Baseline BBS score =350/56 60 | 023 (0.00, 0.52) 0.20 {—0.07, 0.55) 0.5 (2.3) 066 1.00

POMA-T
Total sample 100 | 027013, 041 0.40 {019, 0.59) 0.9* (21) 1.04 1.60
Baseline POMA-T score <25/28 2 0.94 (0,54, 1.370) 0.99 (051, 1.91) L6* (L6) 090 1.40
Baseline POMA-T score =25/28 73 0.2 (015 0.51) | 0.14¢{-0.10, 0.3%) 0.2 (1.5) 0.35 0.53

POMA-B
Total sample 100 | 040 (0,22, 0.55) 0.44 {0.23, 0.64) 0.8* (1.8) 067 1.00
Basaline POMA-B score <14/16 33 1.60 (1.19, 2.42) 1.200(0.72, 201} 22 (1% 0.46 0.70
Baseline POMA-B score =14/16 67 | 010(-0.31, 04% | 0.06(-0.16, 0.37) 0.07 (1.2) 0.24 0.37

DGl

Total sample 100 | 0.27 (006, 0.41) 0.45 {0.28, 0.61) 10" (2.3 1.23 1.90
Baseling DG score < 21/24 ER] 0,654 (0,34, 1.23) 077 (048, 1.12) L3 (2.9 1.16 1.80
Baseline DGl score =21/24 65 026 (—0.02, 0.48) 0.24 (-0.02, 0.47) 0303 0.40 0,60

Sensitivity to Change and Responsiveness of Balance Measures for the Total Sample and by Subgroups
a

of Lower and Higher Balance Scores

@ES=effect size, CI=confidence interval, SRM=standardized response mean, MID=minimally important
difference, Sp=baseline standard deviation, BBS=Berg Balance Scale, POMA-T=Performance-Oriented

Mobility Assessment total scale, POMA-B=Performance-Oriented Mobility Assessment balance
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subscale, DGI=Dynamic Gait Index.

b Mean difference between 16-week and baseline scores; Sp=standard deviation of change score.
Asterisk indicates significant at the .05 level using paired t test.

Table 3.
Measure BES POMA-T POMA-B DGl
BES _'-“"-—-__.__hh_ 0.29 0.43 0.28
POMA-T 0,41 0,14 0,35
POMA-E 0.11 =0.001* _"‘“'“ﬁ-__._____‘_ 0.53
DGl 0.36 0.57 0.06 o

Comparison (3f Effect Size and Standardized Response Mean Estimates of the 4 Balance Measures in the
Total Sample

2A bootstrap method was used for this analysis. Numbers above the solid line show P values for
standardized response mean comparisons across pairs of balance measures. Numbers below the solid
line show P values for effect size comparisons across pairs of balance measures. Asterisk indicates
significant at the .004 level using the Holm sequential Bonferroni correction of .05/12. BBS=Berg
Balance Scale, POMA-T=Performance-Oriented Mobility Assessment total scale, POMA-
B=Performance-Oriented Mobility Assessment balance subscale, DGI=Dynamic Gait Index.

Table 4.
Measure BBS POMA-T POMA-B DGl
E5 014 002 =00 028
SRk o0 . 001 =001 007

Comparison of Effect Size (ES) and Standardized Response Mean (SRM) Estimates Across Lower and
a
Higher Baseline Balance Subgroups for Each Balance Measure

%A bootstrap method was used for this analysis. Numbers shown are P values. All P values are
significant at the .05 level. BBS=Berg Balance Scale, POMA-T=Performance-Oriented Mobility
Assessment total scale, POMA-B=Performance-Oriented Mobility Assessment balance subscale,
DGI=Dynamic Gait Index.
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