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RIGINAL ARTICLE

evelopment of a Multidimensional Balance Scale for Use
ith Functionally Independent Older Adults
ebra J. Rose, PhD, Nicole Lucchese, MS, Lenny D. Wiersma, PhD
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ABSTRACT. Rose DJ, Lucchese N, Wiersma LD. Devel-
pment of a multidimensional balance scale for use with func-
ionally independent older adults. Arch Phys Med Rehabil
006;87:1478-85.

Objective: To develop and evaluate the validity and reli-
bility of a multidimensional balance scale—the Fullerton Ad-
anced Balance (FAB) scale—suitable for use with function-
lly independent older adults.

Design: Psychometric evaluation of the scale’s content and
onvergent validity, test-retest and intra- and interrater reliabil-
ty, and internal rater consistency.

Setting: Urban community.
Participants: Forty-six community-residing older adults

mean � standard deviation, 75�6.2y), with (n�31) and with-
ut identified balance problems (n�15), participated in the
tudy. Four physical therapists with expertise in the assessment
nd treatment of balance disorders in older adults also partic-
pated in the content validity and/or reliability phases of the
tudy.

Interventions: Not applicable.
Main Outcome Measures: Spearman rank correlation co-

fficients for convergent validity, test-retest, intra- and interra-
er reliability, and homogeneity coefficient values for rater
onsistency.

Results: Test-retest reliability for the total balance scale
core was high (��.96). Interrater reliability for total score
anged from .94 to .97 whereas intrarater reliability coefficients
anged from .97 to 1.00. Homogeneity (H) coefficients were
reater than .90 for 6 of the 10 individual test items and all 10
est items had H coefficients of greater than .75 for both rating
essions.

Conclusions: Preliminary results suggest that the FAB scale
s a valid and reliable assessment tool that is suitable for use
ith functionally independent older adults residing in the

ommunity.
Key Words: Balance; Elderly; Outcome assessment (health

are); Posture; Rehabilitation.
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HE ADULT POPULATION 65 years and older has in-
creased rapidly over the last century and is expected to

each 40 million by 2010 in the United States.1 Heightened
wareness of problems associated with aging is therefore war-
anted. One of the most common and potentially serious con-
equences associated with aging is falls. Approximately 35%
f people over the age of 65 fall at least once per year, and 20%
o 30% of falls result in moderate to severe injuries that
dversely affect their mobility and independence.2,3 The
otal cost associated with fall injuries in this population was
20.2 billion in 1994 and is estimated to rise to $32.4 billion by
020.4 These statistics indicate the need for immediate action
o reduce falls and fall-related injuries among the older adult
opulation.
Many factors contribute to increased fall risk among older

dults, including impairments in balance and gait, decreased
uscular strength, impaired vision, and increased cognitive

mpairment. Hazards in the home and community (eg, poor
ighting, lack of stair railings, uneven sidewalks) also contrib-
te to heightened fall risk, particularly among community-
esiding older adults. To understand why certain older adults
re at a higher risk for falls, a number of clinical and laboratory
easures of balance and/or gait have been developed.5-13 Many

f these same tests have also been used to show that fall risk
nd/or fall incidence rates can be appreciably lowered when
xercise programs that specifically target identified impair-
ents in balance, muscle strength, endurance, and gait are

mplemented.14-17

Whereas certain tests require the performance of a single
ask (eg, walking, tandem stance, single-leg stance, functional
each, sternal nudge), others require the performance of mul-
iple tasks that are often similar to those performed during daily
ife (eg, transfers, stair climbing, reaching, picking up objects
rom the floor). Although single-item tests serve as useful
creening tools, they provide little if any information about
ossible underlying balance impairments. In contrast, clinical
ests comprised of multiple tasks have the potential to provide
ore useful information about the underlying system impair-
ents as well as better treatment guidance for clinicians. Some

xamples of multi-item tests include the Performance Oriented
obility Assessment (POMA),12 comprising a balance and gait

cale, the Gait Abnormality Rating Scale, which assesses 16
spects of gait,13 the Fast Evaluation of Mobility, Balance, and
ear (FEMBAF) that includes a risk factor questionnaire, 18
unctional tasks, and a self-perception scale,5,6 the Physiolog-
cal Profile Assessment (PPA),10 which has both a long (16
ests) and short (5 tests) version that includes 1 or more tests of
ision, muscle force, peripheral sensation, reaction time, and
ostural sway, and the Berg Balance Scale (BBS) that mea-
ures performance on 14 functional tasks.7,8 Of the aforemen-
ioned tests, the BBS is currently among the most widely used
linical tests to assess balance in community-residing older
dults.

The reliability and validity of the BBS has been well estab-
ished and its use in assessing functional abilities of older
dults is widespread.18-21 A limitation of the BBS becomes

pparent, however, when assessing older adults who have
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1479DEVELOPMENT OF MULTIDIMENSIONAL BALANCE SCALE, Rose
alance problems but are also relatively high functioning. In
act, when first developing the scale, Berg et al acknowledged
hat “the lack of an item that requires a postural response to an
xternal stimulus or uneven support surface is a limitation of
he scale.”7(p310) Berg further acknowledged that these omis-
ions might limit the effectiveness of the scale when used with
ctive older adults with less severe deficits. The scale’s limi-
ations have been confirmed by more recent studies. For ex-
mple, Garland et al22 studied postural responses to unilateral
rm perturbation in young and elderly subjects. All participants
eceived high scores on the BBS with minimal differences
vident between the young and elderly groups. However, the
lder adult participants exhibited more varied responses to the
erturbation when compared with younger adults. Garland
uggested that the scale is limited in its ability to detect
ifferences in balance that are subtler in nature or pose a higher
evel of balance challenge.

If a patient population scores high initially on the BBS, then
he scale’s predictive ability is compromised.20 It has also been
rgued that the BBS is more appropriate for use with frail
opulations due to the scale’s emphasis on discrimination when
alance is relatively poor. Support for this argument has been
ecently provided by Wee et al21 who found the BBS to be a
ood predictor of length of stay and discharge destination
mong frail older patients admitted to a stroke rehabilitation
nit. The fact that the BBS does not include any postural
hallenge measures, has unusually long tests of sitting balance
albeit an optional item), comfortable stance, and Romberg
tance but a relatively short single-leg stance test item further
uggests that the BBS is better suited for use with lower
unctioning persons. Finally, Newton19 has reported ceiling
ffects when using the BBS to assess functionally independent
lder adults. She concluded that the tasks on the BBS may not
e challenging enough to detect subtle balance deficits and
ecommended that more challenging tasks be included when
esting active older adults.

When examining the relation between impairments in the
ystems controlling balance and the ability to perform activities
hat demand balance skills in community-residing older adults,
llison23 identified further limitations with the BBS. Although
erformance on certain BBS test items was strongly associated
ith underlying impairments such as reduced limits of stabil-

ty, lower-extremity joint range of motion, lower-extremity
trength, and lower-extremity somatosensation, it could not be
sed to identify impairments evident in the visual and vestib-
lar systems. Nor could any of the test items on the BBS be
sed to identify prolonged reaction times and automatic pos-
ural response latencies observed. These additional findings by
llison suggest the need for a clinical test that assesses more of

he multiple dimensions of balance.
The purpose of this study was to develop a new balance

ssessment tool that could be used to identify balance problems
f varying severity in functionally independent older adults and
lso evaluate more of the system(s) (eg, sensory, musculoskel-
tal, neuromuscular) that might be contributing to balance
roblems. More difficult static and dynamic balance tasks were
ncluded in the scale that would not only make it less prone to
eiling effects when used with more active older adults but also
more sensitive instrument when used to evaluate the effec-

iveness of an intervention conducted with this segment of the
lder adult population. Having a better understanding of the
ystem(s) contributing to the identified balance problems will
lso provide better guidance for the clinician when developing
treatment plan for a patient. Given that balance activities are

lso becoming a more regular component of fitness programs

esigned for apparently healthy older adults, the development m
f a valid and reliable test of balance would also complement
ther measures of fitness currently used to assess an older adult
lient’s functional abilities. To reflect the more challenging
ature of the scale, it is called the Fullerton Advanced Balance
FAB) scale.

METHODS
The development of the FAB scale involved a multistage

rocess. The following specific activities were completed: (1) a
eview of the conceptual frameworks used to identify the
ifferent dimensions of balance and/or the physiologic systems
hat contribute to postural control; (2) a review of the scientific
iterature describing the age-associated changes in postural
ontrol as well as their association with falls among older
dults; (3) a review of previously published physical perfor-
ance tests used to evaluate these age-associated changes and

dentify individuals at high risk for falls; (4) development of
ppropriate test items and clarification of test goals; (5) eval-
ation of the appropriateness of the individual test items,
larity of instructions, and scoring by a team of clinical experts;
6) pilot testing of the preliminary scale with older adults to
stablish appropriate test protocols, scoring procedures, and
larity of instructions; and (7) preliminary evaluation of the
cale’s reliability and content and convergent validity. All
hases of the study involving the use of human subjects re-
eived prior approval by the local institutional review board.

ontent Validity
We began the process of establishing content validity with a

omprehensive review of the published literature to establish a
onceptual and theoretical framework for the selection of in-
ividual test items. The conceptual framework that guided the
election of individual test items was the systems theory of
ostural control.24 According to this theory, the neural control
f posture and balance requires a complex interaction of neural
sensory and motor) and musculoskeletal systems. Shumway-
ook and Woollacott24 identified 7 systems or mechanisms

mportant for postural control. These included the sensory and
usculoskeletal systems, sensory strategies, neuromuscular

ynergies, internal representations (cognition), and adaptive
nd anticipatory mechanisms. Lord et al10 also selected their
riginal PPA test items using a similar conceptual framework
nvolving 5 systems (ie, vision, vestibular function, peripheral
ensation, muscle force, reaction time).

Our next steps in deciding which test items to include in the
AB scale were to review the scientific literature that identified
hich systems or components of balance were most affected by

he aging process and the extent to which the changes were
ssociated with increased risk for falls. We also conducted a
eview of published laboratory and clinical tests that could
uccessfully discriminate between different age groups25-35 and
allers and nonfallers.29,36-43 We then selected the preliminary
est items for inclusion in the FAB scale that involved one or
ore of the 7 systems or mechanisms identified by Shumway-
ook and Woollacott24 and/or that had been shown to discrim-

nate between different age groups and faller status in the
iterature. The primary physiologic system(s) and/or dimen-
ions of balance believed to be represented in 1 or more
ndividual test items are presented in table 1. Evidence sup-
orting the discriminatory power of certain test items is also
resented in table 1. Finally, a review of the measurement
iterature and previously published clinical tests of balance
ssisted us in establishing the number of possible performance
evels, the appropriate operational statements for each perfor-

ance level, and overall task difficulty. The specific assess-

Arch Phys Med Rehabil Vol 87, November 2006
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A

ent tools reviewed included the BBS, the FEMBAF, and the
OMA.5,7,8,12

We administered the preliminary set of 10 test items to a
roup of 15 community-residing older adults (9 women, 6
en) who were physically active and had no identifiable

mpairments in balance. The purpose of this preliminary
esting was to identify the best possible performance some-
ne without observable balance deficits could expect to achieve
n each test item. Only 4 of the 15 adults recorded less than a 4 on
ny individual test item, with the lowest score being 3. Total
cores on the FAB scale ranged from 38 to 40. Each participant
as also asked to rate the difficulty of each test item following

ts completion. The most difficult items identified were test
tems 5 (tandem walk), 7 (stand on foam, eyes closed), 8
2-footed jump), and 9 (walk with head turns). Test item 10
reactive postural control) was also perceived to be challenging
ecause the participants were unaware that the test administra-
or’s hand would be removed from the back as they leaned into
he hand. We felt this was necessary to ensure that the move-
ent response was indeed reactive. On the basis of this pre-

iminary testing and the participants’ feedback, the perfor-
ance categories and scoring boundaries for each test item
ere established.
An expert panel of 4 experienced physical therapists that

pecialized in the assessment and treatment of older adults with
alance disorders were then asked to review the 10 test items
ncluded on the scale. Specifically, each panel member had
een a practicing physical therapist for more than 15 years with
dditional specialty certification in geriatrics and/or neurology.
ach panel member was asked to review the appropriateness of

he task and operational definitions delineating the level of
erformance on the 0 to 4 ordinal scale for each test item as
ell as the scale’s overall appropriateness for the intended
opulation. Each expert was also asked to evaluate the clarity
f the instructions that accompanied each item. The panel’s
ritten feedback was then used to modify certain test items

nd/or operational statements on the original scale. Modifica-
ions were also made to the accompanying test administration

Table 1: Primary Systems and/or Mechan

Test Item Systems

1. Stand with feet together, eyes
closed

Sensory systems and strate
representations, musculos

2. Reaching forward to object Sensory systems (vision), ne
musculoskeletal compone

3. Turn in full circle Sensory systems and strate
synergies, musculoskeleta

4. Step up and over Sensory systems and strate
and adaptive mechanisms
system

5. Tandem walk Sensory systems and strate
synergies, musculoskeleta

6. Stand on one leg Sensory systems (vision), an
musculoskeletal compone

7. Stand on foam, eyes closed Sensory systems and strate
neuromuscular synergies,

8. Two-footed jump Neuromuscular synergies, m
adaptive mechanisms

9. Walk with head turns Sensory systems and strate
synergies, adaptive mech

10. Reactive postural control Neuromuscular synergies, a
nstructions that were developed to standardize the manner in s

rch Phys Med Rehabil Vol 87, November 2006
hich each test item was administered and scored. Panel mem-
ers unanimously agreed that the 10 test items originally iden-
ified for inclusion in the scale be retained. The majority of the
hanges recommended by the expert panel related to specific
est item instructions, task difficulty, and the scaling of oper-
tional statements on certain test items. Once recommendations
rom the expert panel were reviewed and incorporated into the
cale, we modified the scale and then returned it to the expert
anel for a final evaluation. The final 10 items included in the
AB scale, along with each of the operational statements used

o categorize performance on each item, are presented in ap-
endix 1. Each test item was scored using a 0- to 4-point
rdinal scale. The total test score possible was 40 points.

onvergent Validity
We obtained preliminary evidence for convergent validity by

omparing scores on the FAB scale with the BBS in a group of
1 older adults with identified balance problems of varying
everity. The total score on the BBS scale was correlated with
he FAB scale total score using Spearman rank correlation
nalysis. A total of 24 women and 7 men, ranging in age from
3 to 84 years (mean � standard deviation [SD], 75�6.2y)
ere recruited to participate in this phase of the scale’s eval-
ation. All participants completed a health history and physical
ctivity questionnaire that provided demographic and medical
istory information prior to the testing session. The 12-item
omposite Physical Function (CPF) scale was also adminis-

ered.44 Participants were required to rate their ability to com-
lete a range of basic, instrumental, and advanced activities of
aily living. Specifically, they were asked to indicate whether
hey could do the activity (score of 2), could do it with
ifficulty or with help (score of 1), or could not perform the
ctivity at all (score of 0). Respondents who scored between 22
nd 24 points on the scale were categorized as high functioning,
nd respondents scoring below 13 points were categorized as low
unctioning. Respondents who scored between 13 and 21 were
ategorized at a moderate level of function. A broad range of
unctional abilities and health status was represented in the

Evaluated on Each Individual Test Item

r Mechanisms Evaluated
Supporting Studies by

Reference Number

somatosensation, vision), internal
al components, neuromuscular synergies

25, 28, 42

uscular response synergies,
nticipatory mechanisms

30, 37, 41

vestibular, vision), neuromuscular
ponents

7, 12, 41

vision, somatosensation), anticipatory
romuscular synergies, musculoskeletal

27, 38

vision, somatosensation), neuromuscular
ponents

35

atory and adaptive mechanisms, 25, 40

vestibular), internal representations,
culoskeletal components

28, 42, 43

loskeletal components, anticipatory and 26, 34, 38

vestibular, vision), neuromuscular
s

41, 42

ve mechanisms, musculoskeletal system 31, 32, 39
isms

and/o

gies (
kelet
urom
nts, a
gies (
l com

gies (
, neu

gies (
l com
ticip
nts
gies (
mus
uscu

gies (
anism
ample. This was evident by the number of medical diagnoses
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1481DEVELOPMENT OF MULTIDIMENSIONAL BALANCE SCALE, Rose
mean, 2.2�1.5; range, 0�6) and number of prescription med-
cations reported (mean, 3.5�3.0; range, 0�13) on the health
istory portion of the questionnaire. The most commonly re-
orted medical diagnoses included osteo- or rheumatoid arthri-
is (n�7), cardiovascular disease (n�4), high blood pressure
n�10), and macular degeneration or other vision problems
n�3). According to the cutoff scores associated with the CPF
cale, 3 of the 31 participants were defined as low functioning,
1 at a moderate level of function, and 7 were classified as high
unctioning.

est-Retest Reliability
The same group of 31 older adults who participated in the

onvergent validity phase of the study also volunteered for
he test-retest reliability phase. Each participant was tested on
he FAB scale on 2 separate occasions, 2 to 4 days apart. The
ame tester administered the scale on both occasions. The total
AB score and each of the individual item scores obtained on

he first and second test dates were then compared to determine
he scale’s level of test-retest reliability.

ntra- and Interrater Reliability
To determine intrarater and interrater reliability, we asked 3

f the 4 physical therapists who served on the expert panel to
erve as raters. Each rater was provided with a videotape
howing 10 older adults (age range, 65�81y) being tested on
he FAB scale. The older adults (6 women, 4 men) shown in the
ideo were selected from the larger group who participated in
he test-retest reliability phase of the study and who represented
range of functional abilities. On the basis of their CPF scores,
were classified as low functioning, 6 were moderate func-

ioning, and 2 were high functioning. Detailed test administra-
ion instructions and the scoring form associated with the scale
ere also sent to each rater. Each rater was instructed to watch

he first videotape and score the participants after a single
iewing of each test item. This instruction was intended to
ake the scoring situation similar to a typical “live” testing

ituation. After the first viewing was completed, each rater
ailed the video and 10-scored balance scales back to the

est developers. One week later they were asked to watch a
econd videotape showing the same group of older adults (in
different test order) and once again record and send the

econd video and their scores back to the test developers for
urther analysis.

We determined test-retest reliability and intrarater and inter-
ater reliability using Spearman rank correlation coefficients

Table 2: Intrarater Reliability Coefficients for Individual Test Items
and Total Score on FAB Scale

FAB Item No. Rater 1 Rater 2 Rater 3

1 No variance No variance No variance
2 1.00* 1.00* 1.00*
3 0.51 1.00* 0.99*
4 0.80* 1.00* 1.00*
5 0.96* 1.00* 0.98*
6 1.00* 1.00* 0.93*
7 0.99* 1.00* 0.97*
8 0.91* 1.00* 0.98*
9 0.79* 1.00* 0.95*

10 0.92* 1.00* 1.00*
Total score 0.99* 1.00* 0.93*

Correlation is significant at .01 level (2-tailed).
�). The � constitutes the nonparametric version of the Pearson
*
†

, and is the appropriate statistical technique to use when
orrelating 2 test scores that are based on ordinal rankings
ie, 0�4).18,45 Homogeneity (H) coefficients46 were also
alculated to determine the extent to which each test item on
he balance scale was rated similarly by the raters across the

rating sessions. This analysis provided a measure of the
evel of internal consistency across raters.

RESULTS
The results of the Spearman rank correlation analysis indi-

ating convergent validity produced a significant (P�.01) but
oderate correlation of .75 when total scores using the BBS
ere compared with the total scores on the FAB scale. The
oderate correlation obtained suggests that the 2 tests were
easuring a similar construct, but it was not so high as to

uggest that the 2 scales were necessarily measuring the same
imensions of balance.
Test-retest reliability was also established using Spearman

ank correlation coefficients. The calculated � for the total FAB
core was .96, demonstrating high reliability. All correlations
etween individual test items were also significant at the .01
evel and ranged from .52 to .82. The lowest coefficients were
ssociated with items 3 (.52) and 7 (.64). To determine in-
rarater reliability, the first and second set of scores for each of
he 3 raters was compared using Spearman rank-order coeffi-
ient analysis. Total score as well as individual item correla-
ions for each rater are presented in table 2. For all of these
nalyses, item number 1 on the balance scale produced no
ariance; each rater awarded the highest mark of 4 to all
articipants at each review. With the exception of a nonsignif-
cant correlation obtained for rater 1 on test item number 3
turn in a full circle), each rater showed good to excellent
onsistency in the way each test item was scored across the 2
ating sessions.

Interrater reliability was established by comparing the scores
mong the 3 raters for each of the 10 participants who were
ideotaped during the first rating session. Because it is only
ossible to compare 2 sets of scores using a Spearman rank-
rder correlation analysis, we compared each possible combi-
ation of 2 raters individually. The correlation coefficients
btained for the total scores were all high for each pair of
aters, although the correlation coefficients ranged from low to
ery high on certain individual test items (table 3). Although
he correlations exceeded .80 for 6 of the 10 test items across
ach pair of raters, lower correlations were obtained across 1 or
ore pairs of raters for items 3 (turn in a full circle), 4 (step up

Table 3: Interrater Reliability Coefficients for Individual Test Items
and Total Score on FAB Scale

Test Item No. Rater 1 vs Rater 2 Rater 2 vs Rater 3 Rater 3 vs Rater 1

1 No variance No variance No variance
2 0.82* 1.00* 0.82*
3 0.39 0.75† 0.57
4 0.22 0.61 0.80*
5 0.83* 0.93* 0.94*
6 1.00* 0.93* 0.93*
7 0.73† 0.95* 0.66†

8 0.96* 0.97* 0.96*
9 0.88* 0.75† 0.91*

10 0.95* 0.91* 0.94*
Total Score 0.96* 0.97* 0.94*
Correlation significant at .01 level (2-tailed).
Correlation significant at .05 level (2-tailed).

Arch Phys Med Rehabil Vol 87, November 2006
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A

nd over), 7 (stand on foam, eyes closed), and 9 (walk with
ead turns).
We derived additional information on the interrater reliabil-

ty of the FAB scale through use of the Aiken homogeneity (H)
oefficient.46 Coefficients were calculated across the raters for
ach of the 10 participants and compared to the right-tailed
robability table developed by Aiken.46 Table 4 includes the
ean H coefficient values for each item for the 10 subjects at

oth testing times. Table 5 includes frequency counts for each
tem across raters. The homogeneity coefficient cutoff value for

raters on a 5-category response scale was 1.00, which would
nly be attained on exact agreement by all 3 raters. For exam-
le, if 2 of the clinicians rated a participant as a 4 on a balance
ask but the third rated the participant as a 3, the homogeneity
oefficient would be a .75, which would be below the 1.00
utoff value at the .01 � level.

As indicated in table 4, 6 of the 10 items had mean H coeffi-
ients .90 or greater and all 10 items had H coefficients greater
han .75 for both testing times. Frequency counts in table 5 further
ndicate that for most items, the majority of the clinicians rated the
articipants with a high degree of consistency. Items with the
ighest H values included item 1 (feet together, eyes closed), item
(reach forward for object), item 6 (stand on 1 leg), and item 7

stand on foam, eyes closed). The 3 items with the lowest rater
greement included item 3 (turn in full circle), item 5 (tandem
alk), and item 9 (walk with head turns).
The relatively low H coefficients for items 3, 5, and 9 were

easonably consistent with low � coefficients obtained in test-
etest analyses, but not all of the inter- or intrarater coefficients
orresponded with obtained H coefficients. Individual or be-
ween-rater comparisons are dependent on consistency over
ime, but homogeneity coefficients are indicative of agreement
etween the raters on test scores, not on consistency over time.
hus, H coefficients serve as a measure of internal consistency
f rater scores and provide a different form of reliability inferences
han do traditional examinations of consistency over time.

DISCUSSION
Our primary purpose in developing the FAB scale was to

roduce a functional assessment tool that could assist in the
dentification of balance problems among functionally indepen-
ent older adults. Although other balance assessment tools
xist and are routinely used to assess balance in the clinical
etting, we felt there was a need for a test that could more
omprehensively address the multiple dimensions of balance
nd also identify emerging balance problems in higher func-
ioning older adults. The systems theory of postural control was

Table 4: Homogeneity Coefficients for the 10-Item FAB Scale

Item Time 1 Time 2

1: Feet together, eyes closed 1.00�0.00 1.00�0.00
2: Reach forward for object 0.98�0.08 0.95�0.11
3: Turn in full circle 0.86�0.19 0.78�0.21
4: Step up and over 0.93�0.12 0.98�0.08
5: Tandem walk 0.81�0.18 0.86�0.15
6: Stand on one leg 0.98�0.08 1.00�0.00
7 Stand on foam, eyes closed 0.90�0.13 0.95�0.11
8: Two-footed jump 0.85�0.13 0.86�0.15
9: Walk with head turns 0.78�0.22 0.75�0.12

10: Reactive postural control 0.93�0.12 0.93�0.12

OTE. Values are mean � SD. Right-table probability of H (.01) �
.00 (as provided by Aiken46).
he conceptual framework that we used to identify appropriate
A
1
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est items for this new balance scale. For inclusion in the new
alance scale, we selected test items that evaluated the contri-
ution to balance of each of the sensory systems as well as the
otor (voluntary and involuntary) and musculoskeletal sys-

ems. Because the BBS does not adequately evaluate the con-
ribution of the 3 sensory systems to balance, or include a
easure of reactive postural control, we contend that its ability

s limited to detect functional limitations that are sensory in
rigin or to identify more subtle balance deficits emerging in
igher functioning older adults. The need for a balance test
omprised of more challenging test items was also considered
mportant based on ceiling effects reported by other researchers
nd our own experiences when administering the BBS to
ommunity-residing older adults. To be practical, the scale also
eeded to be relatively quick and easy to administer, require
ittle equipment, and, most important, demonstrate that it is
alid and reliable.
In addition to establishing the content validity of the FAB

cale, high test-retest reliability and interrater and intrarater
eliability was also established when the total FAB score was
sed. A high level of internal consistency across raters was also
vident, based on the high H coefficients obtained. It must be
cknowledged, however, that the physical therapists who
erved as raters were geriatric specialists who had considerable
xperience assessing older adults with balance impairments
sing this type of clinical scale.
Good to excellent intrarater reliability was also established

or 2 of the raters on all of the individual test items, and for 8
est items for the third rater. This finding suggests that if the
ame experienced clinician evaluates a patient’s performance

Table 5: Frequency Counts of Homogeneity Coefficients for the
FAB Scale by Individual Test Item

Item

Time 1 Time 2

H Frequency % H Frequency %

1 1.00 10 100 1.00 10 100
2 0.75 1 10 0.75 2 20

1.00 9 90 1.00 8 80
3 0.50 1 10 0.50 2 20

0.63 1 10 0.63 2 20
0.75 2 20 0.75 2 20
1.00 6 60 1.00 4 40

4 0.75 3 30 0.75 1 10
1.00 7 70 1.00 9 90

5 0.50 1 10
0.63 1 10 0.63 1 10
0.75 4 40 0.75 4 40
1.00 4 40 1.00 5 50

6 0.75 1 10
1.00 9 90 1.00 10 100

7 0.75 4 40 0.75 2 20
1.00 6 60 1.00 8 80

8 0.63 1 10
0.75 6 60 0.75 4 40
1.00 4 40 1.00 5 50

9 0.25 1 10 0.50 1 10
0.75 6 60 0.75 8 80
1.00 3 30 1.00 1 10

10 0.75 3 30 0.75 3 30
1.00 7 70 1.00 7 70

OTE. Right-table probability of H (.01) � 1.00 (as provided by
46
iken ). Frequency represents the number of participants (out of

0) rated at each homogeneity coefficient across the 3 raters.
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n the FAB scale on 2 separate occasions, high reliability can
e expected. Conversely, the reliability between the 3 pairs of
aters varied considerably across the 10 test items. Good to
igh correlation values were obtained across all pairs of raters
n test items 1, 2, 5, 6, 8, and 10 whereas lower correlation
alues were found for test items 3, 4, 7, and 9 across 1 or more
airs of raters. Possible explanations for the lower correlation
alues associated with certain individual test items include less
han optimal videotape viewing angles for items 7 and 9 and
he lack of clear test administration instructions in the case of
est item 3. Two of the 3 raters reported difficulty in determin-
ng whether the head turned sufficiently on each head turn in
tem 9 because of the sagittal viewing angle provided. When a
est administrator conducts this test item, he/she is usually
ositioned immediately behind the person being tested and
herefore better able to determine how far the head turns in
ach direction. Space limitations precluded us from filming
rom the rear on this test item. Raters also reported difficulty in
etermining if and when the eyes opened during test item 7 for
ome participants because the camera was providing a wide-
ngle versus close-up view of the individual being tested.
lthough intrarater reliability was not adversely affected by the
se of a videotape-based scoring method, good reliability was
ore difficult to obtain when certain test item scores were

ompared across the 3 pairs of raters. Finally, the low corre-
ations associated with item 3 were likely due to the lack of
lear test administration instructions initially provided for that
est item. Two raters were unsure as to when they should
iscontinue counting steps after each full circle was completed.
ne rater indicated that she counted any additional preparatory

teps taken prior to the turn being started in the opposite
irection. Test administration instructions were further clarified
n the basis of this feedback.
One of the advantages of the FAB scale is that it is quick to

dminister, requiring approximately 10 to 12 minutes. In con-
rast to the BBS, which is comprised of 14 test items, the FAB
cale has only 10 test items. The average time for a trained
ssessor to administer the FAB scale is approximately 5 to
0 minutes shorter than the time required to administer the

BS and 45 to 50 minutes shorter than for the PPA developed m
y Lord et al.10 The PPA also requires more equipment and
et-up time prior to testing. Although more equipment is re-
uired to administer the FAB scale when compared with the
BS, it is relatively inexpensive and easily accessible (required
quipment is listed in appendix 1). In addition, the test can be
dministered in a relatively small area, making it an easy test to
dminister in the home.

Additional studies will be needed to establish additional
sychometric properties of this new balance scale. For exam-
le, it will be important to evaluate the relative strengths of this
cale in comparison to other scales or tests currently used to
ssess balance as well as its discriminant and predictive valid-
ty across different levels of disability or fall risk. The relative
esponsiveness, or ability of the FAB scale to detect changes in
alance over time is another form of test validity that will be
mportant to investigate in future studies. This form of validity
s particularly important when assessing the efficacy of an
xercise intervention designed to improve an individual’s bal-
nce abilities. Although the focus of this first study was on the
est administrator’s ability to correctly score each test item,
uture research should also address the degree to which differ-
nt groups of professionals reliably administer the scale to
lder adults representing different levels of function. It will
lso be important to carefully evaluate whether all of the 10 test
tems are needed on the scale. The fact that no variance was
bserved for the first test item (stand with feet together) in the
urrent sample may suggest that this item could be eliminated
rom the scale. Although the inclusion of this test item can be
ustified conceptually and demonstrates good discriminatory
ower across age groups, other test items on the scale also
valuate similar dimensions of balance (ie, contribution of
omatosensory and visual systems to balance).

CONCLUSIONS
The results of this study indicate that the FAB scale is a very

romising new balance assessment tool that is both valid and
eliable when used to assess multiple dimensions of balance in
ommunity-residing older adults by experienced clinicians on

ultiple occasions.
APPENDIX 1: INDIVIDUAL TEST ITEMS AND SCORING CATEGORIES ASSOCIATED WITH FAB SCALE

Test Item and Verbal Instructions Scoring Categories

1. Standing with feet together and eyes closed.
“Bring your feet together, fold your arms across

your chest, close your eyes when you are
ready, and remain as steady as possible until
I instruct you to open your eyes.”

0 Unable to obtain the correct standing position independently.
1 Able to obtain the correct standing position independently but unable to

maintain the position or keep the eyes closed for at least 10 seconds.
2 Able to maintain the correct standing position with eyes closed for more than 10

seconds but less than 30 seconds.
3 Able to maintain the correct standing position with eyes closed for 30 seconds

but requires close supervision.
4 Able to maintain the correct standing position safely with eyes closed for

30 seconds.
2. Reaching forward to an object.
“Try to lean forward to take the pencil from my

hand and return to your starting position
without moving your feet from their present
position.”

Equipment: 12-inch ruler and pencil

0 Unable to reach the pencil without taking �2 steps.
1 Able to reach the pencil but needs to take 2 steps.
2 Able to reach the pencil but needs to take 1 step.
3 Can reach the pencil without moving the feet but requires supervision.
4 Can reach the pencil safely and independently without moving the feet.

3. Turn in full circle.
“Turn around in a full circle, pause, and then

turn in a second full circle in the opposite
direction.”

0 Needs manual assistance while turning.
1 Needs close supervision or verbal cueing while turning.
2 Able to turn 360° but takes more than 4 steps in both directions.
3 Able to turn 360° but unable to complete in �4 steps in 1 direction.
4 Able to turn 360° safely and takes �4 steps in both directions.
Arch Phys Med Rehabil Vol 87, November 2006
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PPENDIX 1: INDIVIDUAL TEST ITEMS AND SCORING CATEGORIES ASSOCIATED WITH FAB SCALE
(cont’d)

Test Item and Verbal Instructions Scoring Categories

4. Step up and over.
“Step up onto the bench with your right leg,

swing your left leg directly up and over the
bench, and step off on the other side. Repeat
the movement in the opposite direction with
your left leg as your leading leg.”

Equipment: 6-inch high � 14�18-inch wide
bench

0 Unable to step onto the bench without loss of balance or manual assistance.
1 Able to step up onto the bench with leading leg, but trailing leg contacts bench

or leg swings around bench during the swing-through phase in both directions.
2 Able to step up onto the bench with leading leg, but trailing leg contacts bench

or swings around the bench during the swing-through phase in 1 direction.
3 Able to complete the step up and over in both directions but requires close

supervision in 1 or both directions.
4 Able to complete the step up and over in both directions safely and

independently.
5. Tandem walk.
“Walk along the line, placing one foot directly in

front of the other such that the heel and toe
are in contact on each step forward. I will tell
you when to stop.”

Equipment: Masking tape (2 inches wide)

0 Unable to complete 10 steps independently.
1 Able to complete the 10 steps with �5 interruptions.
2 Able to complete the 10 steps with �5 but more than 2 interruptions.
3 Able to complete the 10 steps with 2 or fewer interruptions.
4 Able to complete the 10 steps independently and with no interruptions.

6. Stand on one leg.
“Fold your arms across your chest, lift your

preferred leg off the floor, without touching
your other leg, and stand with your eyes open
as long as you can.”

0 Unable to try or needs assistance to prevent falling.
1 Able to lift leg independently but unable to maintain position for �5 seconds.
2 Able to lift leg independently and maintain position for �5 but �12 seconds.
3 Able to lift leg independently and maintain position for �12 but �20 seconds.
4 Able to lift leg independently and maintain position for the full 20 seconds.

7. Stand on foam, eyes closed.
“Step up onto the foam and stand with your

feet shoulder-width apart. Fold your arms
over your chest, and close your eyes when
you are ready. I will tell you when to open
your eyes.”

Equipment: Two Airexa balance pads with
18�18-inch sheet of nonslip material

0 Unable to step onto foam and/or maintain standing position independently with
eyes open.

1 Able to step onto foam independently and maintain standing position but unable
or unwilling to close eyes.

2 Able to step onto foam independently and maintain standing position with eyes
closed for �10 seconds.

3 Able to step onto foam independently and maintain standing position with eyes
closed for �10 seconds but �20 seconds.

4 Able to step onto foam independently and maintain standing position with eyes
closed for 20 seconds.

8. Two-footed jump.
“Try to jump as far but as safely as you can

with both feet.”
Equipment: Yard stick and masking tape.

0 Unwilling or unable to attempt or attempts to initiate 2-footed jump but 1 or both
feet do not leave the floor.

1 Able to initiate 2-footed jump but one foot leaves the floor or lands before the
other.

2 Able to perform 2-footed jump but unable to jump further than the length of their
own feet.

3 Able to perform 2-footed jump and achieve a distance greater than the length of
their own feet.

4 Able to perform 2-footed jump and achieve a distance greater than twice the
length of their own feet.

9. Walk with head turns.
“Walk forward while turning your head from left

to right with each beat of the metronome. I
will tell you when to stop.”

Equipment: Metronome set to 100 beats per
minute

0 Unable to walk 10 steps independently while performing 30° head turns at an
established pace.

1 Able to walk 10 steps independently but unable to perform 30° head turns at an
established pace.

2 Able to walk 10 steps but veers from a straight line while performing 30° head
turns at an established pace.

3 Able to walk 10 steps in a straight line while performing head turns at an
established pace but head turns �30° in one or both directions.

4 Able to walk 10 steps in a straight line while performing 30° head turns at
established pacing.

10. Reactive postural control.
“Slowly lean back into my hand until I ask you

to stop.”

0 Unable to maintain upright balance; no observable attempt to step; requires
manual assistance to restore balance.

1 Unable to maintain upright balance; takes more than 2 steps and requires
manual assistance to restore balance.

2 Unable to maintain upright balance; takes more than 2 steps but is able to
restore balance independently.

3 Unable to maintain upright balance; takes 2 steps but is able to restore balance
independently.

4 Unable to maintain upright balance but able to restore balance independently
with only 1 step.
dapted from Rose.47 Reprinted with permission. (Additional instructions related to testing procedures provided on pages 66 to 68.)
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