
Functional Gait Assessment:
Concurrent, Discriminative, and
Predictive Validity in Community-
Dwelling Older Adults
Diane M. Wrisley, Neeraj A. Kumar

Background. The Functional Gait Assessment (FGA) is a reliable and valid mea-
sure of gait-related activities.

Objective. The purpose of this study was to determine the concurrent, discrim-
inative, and predictive validity of the FGA in community-dwelling older adults.

Design. This was a prospective cohort study.

Methods. Thirty-five older adults aged 60 to 90 years completed the Activities-
specific Balance Confidence Scale (ABC), Berg Balance Scale (BBS), Dynamic Gait
Index (DGI), Timed “Up & Go” Test (TUG), and Functional Gait Assessment (FGA)
during one session. Falls were tracked by having participants complete a monthly fall
calendar for 6 months. Spearman correlation coefficients were used to determine
concurrent validity among the ABC, BBS, TUG, DGI, and FGA. To determine the
optimum scores to classify fall risk, sensitivity (Sn), specificity (Sp), and positive and
negative likelihood ratios (LR� and LR�) were calculated for the FGA in classifying
fall risk based on the published criterion scores of the DGI and TUG and for the FGA,
TUG, and DGI in identifying prospective falls. Receiver operator curves with area
under the curve were used to determine the effectiveness of the FGA in classifying
fall risk and of the DGI, TUG, and FGA in identifying prospective falls.

Results. The FGA correlated with the ABC (r�.053, P�.001), BBS (r�.84,
P�.001), and TUG (r��.84, P�.001). An FGA score of �22/30 provides both
discriminative and predictive validity. The FGA (scores �22/30) provided 100% Sn,
72% Sp, LR� of 3.6, and LR� of 0 to predict prospective falls.

Limitations. The study was limited by the length of time of follow-up and the
small sample size that did not allow for evaluation of criterion scores by decade.

Conclusions. The FGA with a cutoff score of 22/30 is effective in classifying fall
risk in older adults and predicting unexplained falls in community-dwelling older
adults.
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Falling in older adults is among
the top public health issues in
the United States. Approxi-

mately 35% of adults over the age of
65 years fall each year, and the risk of
falling increases to 50% in adults
over the age of 70 years.1–3 Falls in
elderly people have been associated
with significant decline in function
and increased mortality and morbid-
ity.4–7 Many factors may contribute
to falling in elderly people, including
lower-extremity weakness, balance
disorders, functional and cognitive
impairments, visual deficits, poly-
pharmacy, and environmental fac-
tors.8 Postural instability and gait ab-
normalities are strongly associated
with falling in elderly people. Fre-
quently, older adults are not aware of
their risks of falling and do not re-
port these issues to the health care
professionals who care for them.8

Consequently, opportunities for pre-
vention of falls often are overlooked,
with the risk of falling evident only
after injury and disability have oc-
curred.9–11 Recognition of older
adults at risk for falls is an important
task for physical therapists, as there
is increasing evidence that frequency
and consequences of falls can be de-
creased through interventions.12–15

The development and use of tools
that screen for fall risk are useful to
identify those older adults who re-
quire evaluation as to the cause of
falling in order to prescribe the ap-
propriate intervention. Several fall
risk screening tools have been devel-
oped for and tested with older
adults.16–20 These tools include the

Timed “Up & Go” Test (TUG),18 the
Berg Balance Scale (BBS),16,21 the
Performance-Oriented Mobility As-
sessment (POMA),20 and the Dy-
namic Gait Index (DGI).19 The spec-
ificity (SP) and sensitivity (Sn) of
these tools to identify individuals at
risk for falls range from 59% to
89%,7,17,22–26 yet the majority of
these tools were validated by their
ability to discriminate between those
with a history of falling and those
who had not fallen.17,20,22,24 The gold
standard is to validate the tools pro-
spectively to determine whether the
clinical performance tool can deter-
mine who will fall within a specified
period of time. Many of these clin-
ical performance tests, such as the
POMA,20 BBS,25 and DGI,27 appear to
have a ceiling effect in community-
living older adults and are not sensi-
tive to minor differences among in-
dividuals that may indicate risk for
falls and may direct intervention.

The Functional Gait Assessment
(FGA)28 is a modification of the
DGI19 that was developed to im-
prove the reliability of the DGI and
to reduce the ceiling effect seen with
the DGI in patients with vestibular
disorders.27 The FGA is a 10-item
clinical gait test during which partic-
ipants are asked to perform the fol-
lowing gait activities: walk at normal
speeds, at fast and slow speeds, with
vertical and horizontal head turns,
with eyes closed, over obstacles, in
tandem, backward, and while as-
cending and descending stairs.28 The
FGA is scored on a 4-level (0–3) or-
dinal scale; scores range from 0 to
30, with lower scores indicating
greater impairment. In adults with
vestibular disorders, the interrater
reliability of the FGA was reported as
r�.86 (intraclass correlation coeffi-
cient [ICC (2,1)]) and intrarater reli-
ability as r�.74 (ICC [2,1]).28 Indi-
vidual FGA item interrater and
intrarater reliability ranged from
r�.16 to r�.83 (kappa). Walker et
al29 found the interrater reliability

of the FGA to be r�.93 (ICC [2,1])
in community-dwelling adults fol-
lowing a training session of the rat-
ers. In people with vestibular and
balance disorders, the FGA corre-
lated with the Activities-specific
Balance Confidence Scale (ABC)
(r�.64), the Dizziness Handicap In-
ventory (r��.64), perceived symp-
toms of dizziness (r��.70), number
of falls in the previous 6 months
(r��.66), the TUG (r� �.50), and
the DGI (r�.80).28 The FGA elimi-
nated the ceiling effect in the DGI
seen when testing people with ves-
tibular dysfunction.28 Walker et al29

provided reference group data for
the FGA in community-dwelling adults
in decades from age 20 to 90 years.
They found that total FGA scores de-
creased by decade over the age of 60
years, with adults over the age of 80
having significantly lower scores. For
adults up to the age of 60 years, the
normal score on the FGA would be
considered �27/30; for adults from
ages 60 to 80 years, the normal score
on the FGA would be considered
�24/30; and for adults over the age
of 80 years, the normal score would
be considered �19/30.29 However,
no protocol was included that would
ensure that the participants’ balance
abilities were normal, and there was
no significant history of falls. This is
especially important when consider-
ing the normative scores for older
adults above 80 years.

Due to the range of clinical gait ac-
tivities within the FGA, we believe
that it may be a more useful assess-
ment tool to guide intervention to
decrease fall risk in community-
living older adults than currently
used clinical measures such as the
POMA, TUG, BBS, and DGI. How-
ever, the clinical usefulness of a test
increases when clinicians know its
concurrent, discriminative, and pre-
dictive validity. Discriminative and
predictive validity may provide indi-
cations of which scores are within
normal limits and which correctly
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classify fall risk. The determination
of a cutoff score for the FGA that
classifies individuals who are at in-
creased risk of falls would provide
clinicians with an additional screen-
ing tool. Discriminative validity is de-
termined by evaluating how well a
tool differentiates between 2 groups.
For assessment tools that screen for
fall risk, the older adults are fre-
quently divided into groups based on
history of falls. As the participants of
this study did not have a history of
falls, they were classified as having
an increased risk of falls using the
previously published criteria of the
TUG and DGI. The discriminative va-
lidity of the FGA was determined by
how well it identified those older
adults classified as having increased
fall risk. The optimum cutoff score
was selected based on the FGA score
with the highest sensitivity and low-
est negative likelihood ratio, as it
would identify the fewest false neg-
atives. The predictive validity of the
FGA was determined by how well
the proposed cutoff score, estab-
lished during the evaluation of dis-
criminative validity, identified older
adults who fell in the following 6

months. Therefore, the purpose of
this study was to determine: (1) the
concurrent validity of the FGA with
the ABC, BBS, and TUG, and (2) the
discriminative and predictive validity
of the FGA in classifying fall risk in
older adults.

Method
Participants
Thirty-eight older adults were re-
cruited as part of a larger study on
the effect of age and functional level
on balance. Demographic data are
listed in Table 1. All participants met
the following inclusion criteria: aged
between 60 and 90 years; lived inde-
pendently in the community; were
able to stand independently longer
than 1 minute; and had a Mini-Mental
State Examination score of greater
than 24. Participants were excluded
if they had a history of osteoporosis,
recent fractures, or lower-extremity
surgery; had a history of progressive
neuromuscular disorder; had a his-
tory of whiplash, neck injury, or cur-
rent complaints of neck pain; had a
history of unstable angina or uncon-
trolled cardiorespiratory problems;
were taking any medications (eg,

benzodiazepines, antidepressants,
hypnotics) that might affect balance;
had a history of any falls in the pre-
vious 6 months and more than one
fall in the last year; had pain in any
segment greater than 2/10 on a 10-
point verbal analog scale (0�“no
pain,” 10�“worst pain imaginable”);
or did not return the monthly fall
calendar. Three participants were
excluded because they did not re-
turn their monthly fall calendars.

We estimated that 30 participants
were needed for a power of 92% using
a conservative estimate of 65% posi-
tive predictive value and 90% negative
predictive value for the chi-square
analysis. The actual power of the chi-
square analysis with the 35 partici-
pants included was 92% for the FGA
versus prospective falls, 99% for the
FGA versus the TUG (using �11.1 sec-
onds as the cutoff), and 91% for the
FGA versus the DGI. The inclusion of
human participants in this study was
approved by the Health Science Insti-
tutional Review Board of the Univer-
sity at Buffalo. All participants pro-
vided informed consent prior to the
beginning of the study.

Table 1.
Participant Demographic Informationa

Variable All Participants Nonfallers Fallers
Significance

(P Value)
Correlation
With FGA

Age (y) 72.9 (7.8) 71.5 (7.2) 77.7 (7.8) .14b �.47 P�.005

Sex 18 F, 17 M 14 F, 15 M 4 F, 2 M .95c �.09 P�.603

Height (cm) 166.1 (10.7) 166.9 (10.7) 165.6 (11.9) .90b �.02 P�.93

Weight (kg) 75.3 (15.6) 73.5 (14.2) 86.4 (19.6) .16b �.08 P�.66

MMSE 28.7 (1.5) 28.9 (1.2) 28.7 (2.0) .89b .26 P�.13

ABC, range 90.5 (9.3), 64.4–100.0 91.2 (9.1), 64.4–100.0 86.5 (11.6), 66.3–95.0 .31c .53 P�.001

Berg Balance Scale, range 52.7 (4.0), 38–56 53.8 (2.9), 46–56 47.8 (5.3), 38–54 .003c .84 P�.000

Timed “Up & Go” Test, range 10.9 (4.1), 7.2–32.2 9.8 (1.6), 7.2–13.0 15.8 (8.2), 9.5–32.2 .001b �.84 P�.000

Dynamic Gait Index, range 20.8 (3.4), 8–24 21.9 (2.3), 15–24 16.5 (4.6), 8–20 .001c .94 P�.000

Functional Gait Assessment, range 23.3 (5.3), 9–30 24.9 (4.2), 15–30 16.2 (4.4), 9–20 .000c

a Reported values are mean (SD), unless otherwise indicated. Nonfallers�participants who did not experience an unexplained fall in the 6 months following
testing. Fallers�participants who experienced 1 or more unexplained falls in the 6 months following testing. An explained fall was defined as a fall that was
unavoidable due to medical, environmental, or task-related causes. Unexplained falls are all other falls. M�male, F�female, MMSE�Mini-Mental State
Examination, ABC�Activities-specific Balance Confidence Scale. Correlations with Functional Gait Assessment performed using Spearman correlation
coefficient.
b Difference between fallers and nonfallers calculated using independent t test.
c Difference between fallers and nonfallers calculated using Mann-Whitney U test.
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Procedure
During the same session, partici-
pants completed the following as-
sessment in the order listed: TUG,
BBS, DGI, and FGA. All tests were
administered by the same rater
(N.A.K.), a physical therapist with 8
years of experience, who was
trained in the administration of the
tests by the other author (D.M.W.), a
physical therapist with extensive ex-
perience using the tests in the eval-
uation and treatment of patients
with balance dysfunction and one of
the developers of the FGA. The test
items on the BBS, DGI, and FGA
were administered in their published
order.16,18,19,28

Participants completed the ABC30,31

to quantify their confidence in the
ability to maintain balance. The ABC
was completed during breaks be-
tween the other tests. The ABC is a
16-item self-efficacy scale that is
scored on a 10-point ordinal scale.30,31

Participants rate their confidence in
maintaining their balance while per-
forming 16 activities of daily living
(ADL). Test-retest reliability of the
ABC completed by 60 community-
dwelling older adults over a 2-week
period was reported as r�.92 using
the Spearman correlation coeffi-
cient.31 Scores on the ABC range
from 0, indicating no confidence in
the patient’s ability to maintain bal-
ance while completing the activity,
to 100, indicating complete confi-
dence. The ABC correlates with
physical function level in older
adults: scores of �50 indicate a
low level of functioning seen with
adults receiving home care, scores
between 50 and 80 indicate a mod-
erate level of functioning seen in
older adults with chronic health
problems or living in retirement cen-
ters, and scores greater than 80 indi-
cate high functioning seen in physi-
cally active older adults.32 Activities-
specific Balance Confidence Scale
scores of �67 indicate increased risk
of falls.33

Participants completed the BBS as a
means to quantify balance function.
Although the BBS has a ceiling effect
in community-dwelling older adults,
it was included to provide a descrip-
tion of the participant sample and to
illustrate the difference between
those who prospectively experi-
enced an unexplained fall and those
who did not. The BBS is a 14-item
clinical balance test that quantifies a
person’s ability to perform various
sitting and standing activities such as
standing from a chair, standing with
feet together, reaching forward, and
standing on one foot.16,17 The test is
scored on a 4-level ordinal scale,
with lower scores indicating greater
impairment. The test has interrater
reliability of r�.98 (ICC)16 and
r�.88 (Spearman rho)25 and corre-
lates with the POMA (Pearson
r�.91)21 and the TUG (Pearson
r�.76). Scores of less than 46/56
have been interpreted to indicate in-
creased risk for falls in community-
dwelling older adults, with a sensi-
tivity (Sn) range of 64% to 82.5%, a
specificity range of 90% to 94%, a
positive likelihood ratio (LR�) of
6.1, and a negative likelihood ratio
(LR�) of 0.4.25,26,33 Scores of
�50/56 have an LR� of 3.1 and an
LR� of 0.2 in community-dwelling
older adults.26

The DGI19 is a clinical gait test that
was developed to assess fall risk in
community-dwelling older adults. It
is an 8-item test, rated on a 4-level
ordinal scale, with lower scores indi-
cating greater impairments. The DGI
includes the activities of walking at
normal speeds, walking at fast and
slow speeds, walking with horizon-
tal and vertical head turns, walking
over and around obstacles, and as-
cending and descending stairs. The
reliability of the DGI was .96 (using a
ratio of subject variability to total
variability) in community-dwelling
older adults when the raters were
trained by the developer of the
test.24 Interrater reliability was kap-

pa�.64 when the test was used in
patients with vestibular disorders27

and r�.98 (ICC) in people with mul-
tiple sclerosis when videotaped.34

The DGI correlates with the BBS
(r�.67), the use of an assistive de-
vice (r��.44), a history of imbal-
ance (r��.46), and the Balance Self-
Perceptions Test (r�.76).24 The DGI
discriminates between older adults
and individuals with vestibular disor-
ders with and without a history of
falling, with scores of 19 or less in-
dicating an increased risk of falls.35

The ability of the DGI to classify
older adults at risk for falls with
scores of �19/24 has been reported
with an Sn of 59% and an Sp of
64%.24 Due to the similarity of the
tests, the DGI and FGA were per-
formed concurrently. Items on the
DGI and FGA that are similar were
performed once and scored accord-
ing to their published criteria. The
DGI and FGA were performed in the
published order of the tests. Partici-
pants were provided with the stan-
dard instructions for each item and
with a demonstration of the item, if
needed. A maximum of 2 opportuni-
ties were provided to complete each
task. A participant received a score
of 0 if he or she was unable to per-
form a task as per the instructions of
the DGI and FGA.

The TUG is a modification of the Get
Up and Go test.18 For the TUG, par-
ticipants are timed as they stand up
from a chair with arms, walk 3 m
(9.84 ft) at their self-selected gait
speed, turn around, come back to
the chair, and sit down. For this
study, participants were allowed 1
trial for practice and then performed
3 trials. The average of the 3 trials
was used for analysis. The TUG has
test-retest reliability of r�.99 (ICC
[2,1])18 and correlates with gait
speed (r��.81), with the BBS (r�
�.81), and with ADL function (Bar-
thel Index, r�.78).18 Validity indexes
for the TUG appear to be population
dependent. Scores ranging from 10
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to 30 seconds have been suggested
to classify fall risk in community-
dwelling older adults.18,22,36,37 Pod-
siadlo and Richardson18 suggested
that scores of �11 seconds indicated
a low risk for falls, whereas scores of
�19 seconds indicated a moderate
to high risk for falls.38 Shumway-
Cook et al22 found that scores on the
TUG of �13.5 seconds classified fall
risk with an Sn and Sp of 87% in
community-dwelling older adults,22

whereas Rose and Jones36 found that
scores of �10 seconds classified
older adults with a history of falling
with an Sn of 71% and an Sp of 89%.
If a score of �13.5 seconds had been
used by Rose and Jones,36 only 30%
of those with a history of falling
would have been identified.

Trueblood et al37 found that scores
of �20 seconds resulted in an Sn of
10% and an Sp of 95% in classifying
community-dwelling older adults
who fell in the ensuing 6 months.
They suggested that a TUG score
of �10 to 12 seconds would be a
more appropriate cutoff score to
classify older adults who are at risk
for falling. Scores of �11.1 seconds
on the TUG were found to be more
sensitive (80%) and specific (56%) in
classifying adults with vestibular and
balance dysfunction who had fallen
(mean age�60 years).23 Scores of
�7.95 seconds were found to have
an Sn of 30% and an Sp of 93% in
classifying people with Parkinson
disease (mean age [SD] for “fallers”
[people with a history of falling]�73
[8.6] years; mean age [SD] for “non-
fallers” [people without a history of
falling]�66 [9.9] years),39 and scores
of �15.0 seconds resulted in an Sn of
96% and an Sp of 36% in classifying
falls in older adults in a residential
care facility.40

The cutoff score of �11.0 seconds,
as suggested by Podsiadlo and Rich-
ardson18 and Trueblood et al,37 was
used to determine discriminative and
predictive validity. As our partici-

pants closely resemble the partici-
pants included by Trueblood et al37

and were classified as fallers versus
nonfallers by prospective falls, a cut-
off score within the suggested range
was appropriate.

To test the predictive validity of the
FGA in identifying older adults who
fell in the ensuing 6 months, all par-
ticipants were provided with 6
months’ worth of postage-paid fall
calendar postcards and were asked
to return them monthly.41 Partici-
pants completed the calendar on a
daily basis. If a fall occurred, a sepa-
rate postcard was completed, pro-
viding details of the fall. The post-
cards were mailed back monthly,
and if not received by the 10th of the
following month, participants were
contacted to remind them to return
the cards. If participants returned a
postcard indicating they had fallen,
they were contacted via telephone
or e-mail for additional details. Falls
were defined as unintentionally com-
ing in contact with any surface lower
than the participant’s height. Falls
were further classified as explained
or unexplained. A fall was consid-
ered explained if there was a medi-
cal, environmental, or task-related
explanation for the fall that was un-
avoidable (eg, falling while skiing,
slipping on ice, falling on stairs while
moving furniture, a reaction to med-
ication).42 An unexplained fall was
all other falls. Falls were classified by
an investigator (D.M.W.) who was
blinded to the participant’s clinical
test performance prior to the clinical
test data being added to the falls
database.

Data Analysis
The Spearman correlation coeffi-
cient was calculated between the
TUG, ABC, and BBS to determine
concurrent validity of the FGA. The
discriminative validity of the FGA in
classifying older adults who were at
increased risk for falls by the TUG
(scores �11.0 seconds)18,37 and DGI

(scores �19)24 was determined us-
ing receiver operator curves (ROCs)
with the area under the curve (AUC).
The AUC was used to evaluate the
effectiveness of the FGA in classify-
ing fall risk. The greater the AUC, the
better the test is in classifying fall
risk. An area of 1 indicates 100% abil-
ity to classify fall risk, and an area of
0.5 indicates a 50% chance of cor-
rectly classifying fall risk. The deter-
mination of the optimum cutoff
score for the FGA in correctly classi-
fying fall risk in older adults was de-
termined by calculating the Sn, Sp,
LR�, and LR�. The scores with the
highest Sn and lowest LR� were
identified as the optimum cutoff
scores for the FGA. The predictive
validity of the FGA, TUG, and DGI in
identifying future falls was deter-
mined using ROCs with the AUC.
The AUCs of the tests were com-
pared to determine which test was
best in identifying future falls. The
determination of the optimum cutoff
score for the FGA, TUG, and DGI in
correctly identifying future falls in
older adults was determined by cal-
culating the Sn, Sp, LR�, and LR�.
The scores with the highest Sn and
lowest LR�, therefore yielding the
fewest number of false negatives,
were determined to be the optimum
cutoff scores for the FGA, TUG, and
DGI. All statistics were performed
using SPSS software, version 15.*

Role of the Funding Sources
This work was supported by New
York Physical Therapy Association
Research Designated Funds and Uni-
versity at Buffalo’s Mark Diamond
Research Fund.

Results
Thirty-five participants (92%) re-
turned their fall calendars and were
included in the study. The 3 partici-
pants who did not return their fall
calendars and were not included in

* SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.
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the study did not respond to the tele-
phone or e-mail reminders. There
was no difference in demographics
between those who returned their
fall calendars and those who did not.
Participant demographics are listed
in Table 1.

Concurrent Validity
The FGA significantly correlated
with the BBS, TUG, and ABC. Corre-
lation coefficients and significance
levels are listed in Table 1.

Discriminative Validity
Thirteen older adults were classified
as at risk for falls based on the TUG
(scores �11.0 seconds). The dis-
criminative validity of the FGA is
shown in Figure 1. The ROC for the
FGA using the TUG scores for classi-
fication of fall risk is displayed in
Figure 2A. The AUC was 0.87, indi-
cating that the FGA correctly classi-
fied fall risk based on the TUG 87% of
the time. The metrics for various val-
ues of the FGA to classify fall risk as
indicated by TUG score are displayed
in Table 2A. The optimum validity
indexes are obtained with an FGA
criterion score of �22, which results
in an Sn of 91%, an Sp of 85%, an
LR� of 5.96, and an LR� of 0.09.
Individuals who score �22/30 on
the FGA are 6 times more likely to be
classified as having an increased risk
of falling (based on the TUG) than
those who score �22/30. The met-
rics of the proposed cutoff score for
the FGA (�22/30) to classify risk for
falls as determined by scores on the
TUG are presented in Table 3A.

Eight older adults were classified as
being at risk for falls based on the
DGI (scores �19/24 indicate in-
creased risk of falls). The ROC for
the FGA using the fall risk classifica-
tion of the DGI is displayed in Figure
2A. The AUC was 0.93, indicating
that the FGA correctly classified fall
risk based on the DGI 93% of the
time. The metrics for various values
of the FGA to classify fall risk as in-

Figure 1.
Discriminative validity of the Functional Gait Assessment (FGA). (A) Relationship be-
tween FGA scores and Timed “Up & Go” Test (TUG) scores in community-dwelling
older adults. The horizontal thick line is the published cutoff score for the TUG of
�11 s.18,37 The vertical thick line is the proposed cutoff score for the FGA of �22/30.
(B) Relationship between the FGA scores and Dynamic Gait Index (DGI) scores in
community-dwelling older adults. The horizontal thick line is the published cutoff score
for the DGI of �19/24.24 The vertical thick line is the proposed cutoff score for the FGA
of �22/30. Note that there are overlapping data points, so the number of visible points
on the graph may not equal the number of participants in each group.
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dicated by the DGI are displayed in
Table 2B. As with the TUG, the op-
timum validity indexes are obtained
with an FGA criterion score of �22,
resulting in an Sn of 100%, an Sp of
78%, an LR� of 4.5, and an LR� of 0.
Individuals who score �22/30 on
the FGA are 4.5 times more likely to
be at increased risk of falling (based
on the DGI) than those who score
�22/30. The metrics of the pro-
posed cutoff score for the FGA
(�22/30) to classify fall risk as deter-
mined by scores on the DGI are pre-
sented in Table 3A.

Predictive Validity
Seventeen participants (49%) re-
ported 18 falls over the 6 months. Of
these, 6 participants (17%) reported
7 unexplained falls. The conditions
of the explained falls were medica-
tion reaction (n�1), slipping on ice
(n�5), ascending stairs or curbs
while carrying objects (n�2), mov-
ing furniture (n�1), slipping on wet
rocks at the beach (n�1), and miss-
ing a hidden step behind a door
(n�1). No participants sustained a
serious injury from a fall or obtained
medical attention following a fall.
Participants who reported unex-
plained falls differed significantly
from those who did not report unex-
plained falls in the BBS, TUG, DGI,
and the FGA but not in age, sex,
height, weight, Mini-Mental State Ex-
amination score, or ABC (Tab. 1).
Based on their mean scores, the
older adults with unexplained falls
would be classified as at risk for falls
based on the published cutoff scores
for the BBS, TUG, FGA, and DGI.

The FGA correctly identified all 6 of
the participants who fell in the 6
months following the testing,
whereas the TUG identified only 5
participants who fell (83%) and the
DGI identified only 4 participants
who fell (67%). The ROCs for the
FGA, DGI, and TUG versus prospec-
tive falls are displayed in Figure 2B.
The AUCs were 0.92 for the FGA,

Figure 2.
Receiver operator curve analyses for discriminative and predictive validity of the Func-
tional Gait Assessment (FGA). (A) Receiver operator curve for the FGA’s ability to classify
fall risk in community-dwelling older adults based on Timed “Up & Go” Test (TUG)
(participants with scores of �11 s classified as having increased risk for falls)18,37 and the
Dynamic Gait Index (DGI) (participants with scores of �19/24 classified as having
increased risk for falls).24 The area under the curve is 0.87 for the TUG and 0.96 for the
DGI. The larger gray points indicate the optimum cutoff score for the FGA of 22/30. (B)
The receiver operating curve for the ability of the FGA, TUG, and DGI to predict
prospective falls in community-dwelling older adults. The area under the curve is 0.92
for the FGA, 0.91 for the DGI, and 0.89 for the TUG. The larger black points are the
optimum cutoff scores for the FGA, DGI and TUG to predict prospective falls. The larger
gray points are the proposed cutoff score for the FGA and the published cutoff scores
for the DGI and TUG.
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Table 2.
Metrics of Individual Scores of the Functional Gait Assessment (FGA) for Classifying Increased Fall Riska

A. Metrics of Individual Scores of the FGA for Classifying Increased Risk of Falls as Determined by Timed “Up & Go” Test Scores of >11.0 s

FGA
(Abnormal

< Score) Sensitivity Specificity LR� LR�

True
Positive

True
Negative

False
Positive

False
Negative

30 100.0% 0.0% 1.00 NaN 13 0 22 0

29 100.0% 18.0% 1.22 0.00 13 4 18 0

28 100.0% 36.0% 1.57 0.00 13 8 14 0

26 92.0% 41.0% 1.56 0.19 12 9 13 1

25 92.0% 64.0% 2.54 0.12 12 14 8 1

24 85.0% 68.0% 2.66 0.23 11 15 7 2

23 85.0% 73.0% 3.10 0.21 11 16 6 2

22 85.0% 86.0% 6.21 0.18 11 19 3 2

21 77.0% 86.0% 5.64 0.27 10 19 3 3

20 62.0% 86.0% 4.51 0.45 8 19 3 5

19 54.0% 91.0% 5.92 0.51 7 20 2 6

18 31.0% 96.0% 6.77 0.73 4 21 1 9

17 23.0% 96.0% 5.08 0.81 3 21 1 10

15 15.0% 100.0% NaN 0.85 2 22 0 11

12 8.0% 100.0% NaN 0.92 1 22 0 12

8 0.0% 100.0% NaN 1.00 0 22 0 13

B. Metrics of Individual Scores of the FGA for Classifying Increased Fall Risk as Determined by Scores of <19 on the Dynamic Gait Index

FGA
(Abnormal

< Score) Sensitivity Specificity LR� LR�

True
Positive

True
Negative

False
Positive

False
Negative

30 100.0% 0.0% 1.00 NaN 8 0 27 0

29 100.0% 14.8% 1.17 0.00 8 4 23 0

28 100.0% 29.6% 1.42 0.00 8 8 19 0

26 100.0% 37.0% 1.59 0.00 8 10 17 0

25 100.0% 55.6% 2.25 0.00 8 15 12 0

24 100.0% 63.0% 2.70 0.00 8 17 10 0

23 100.0% 66.7% 3.00 0.00 8 18 9 0

22 100.0% 75.8% 4.50 0.00 8 21 6 0

21 87.5% 75.8% 3.94 0.16 6 21 6 2

20 87.5% 85.2% 5.91 0.15 6 23 4 2

19 87.5% 92.6% 11.81 0.14 6 25 2 2

18 62.5% 100.0% NaN 0.38 5 27 0 3

16 50.0% 100.0% NaN 0.50 3 27 0 5

14 25.0% 100.0% NaN 0.75 2 27 0 6

11 12.5% 100.0% NaN 0.88 1 27 0 7

8 0.0% 100.0% NaN 1.00 0 27 0 8

a LR��positive likelihood ratio, LR��negative likelihood ratio. Optimal cutoff scores are indicated in bold type.
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0.91 for the DGI, and 0.89 for the
TUG. The metrics for various values
of the FGA, DGI, and TUG to predict
prospective falls are listed in Table 4.
The optimum cutoff score for the
FGA to identify falls was �20/30.
The optimum cutoff score for the
DGI to identify prospective falls was
�20/24. The optimum cutoff score
for the TUG was �12.3 seconds.
Metrics for the FGA to predict future
falls with cutoff scores of 20 and 22
and for previously established cutoff
scores for the DGI and TUG are listed
in Table 3B.

Discussion
Although an FGA cutoff score of
�22/30 provided the optimum met-
rics to classify fall risk in older adults
as identified by scores on the TUG
and DGI, an FGA score of �20/30
provided the optimum metrics in
identifying older adults who sus-
tained unexplained falls in the fol-
lowing 6 months. However, when
classifying fall risk in older adults, it
is more important to have more false
positives than false negatives. The
consequences of falsely classifying
someone at risk for falling are greater
than providing intervention to some-
one with a lower risk for falls. Al-

though someone may not be at in-
creased risk for falling in the
following 6 months, lower scores on
the FGA are correlated with slower
gait speeds and other measures of
imbalance and frailty that may influ-
ence a person’s mobility and ulti-
mately increase the risk of falling or
other consequences of decreased
mobility.8 Providing intervention
early may deter some of these com-
plications. Therefore, we propose
that clinicians use the more conser-
vative criterion score of �22/30 to
classify increased risk for falls in
older adults.

Table 3.
Metrics of the Functional Gait Assessment (FGA) to Classify Increased Risk of Falls and Predict Prospective Fallsa

A. Metrics of the FGA Using a Cutoff Score of 22/30 to Classify Increased Risk of Falls as Determined by the Timed “Up & Go” Test (TUG)
and Dynamic Gait Index (DGI)

DGI TUG

Score that indicates increased risk for falls �1924 �11 s37

FGA criterion score that indicates increased
risk for falls

�22 �22

Sensitivity 100% (100%–100%) 85% (65%–104%)

Specificity 78% (62%–94%) 86% (72%–101%)

Positive likelihood ratio 4.5 (2.2–9.1) 6.2 (2.1–18.2)

Negative likelihood ratio 0 (0–NaN) 0.2 (0.05–0.6)

Positive predictive value 57% (31%–83%) 79% (57%–100%)

Negative predictive value 100% (100%–100%) 91% (75%–105%)

Odds ratio � 35.8

�2 5.13 (P�.001) 16.66 (P�.001)

B. Metrics of Proposed Cutoff Scores for the FGA and Published Cutoff Scores for the DGI and TUG to Predict Prospective Falls in
Community-Dwelling Older Adults

FGA FGA DGI TUG

Score that indicates increased
risk for falls

�20 �22 �1924 �11 s37

Sensitivity 100% (100%–100%) 100% (100%–100%) 67% (29%–104%) 83% (54%–113%)

Specificity 83% (69%–97%) 72% (56%–89%) 86% (74%–99%) 72% (56%–89%)

Positive likelihood ratio 5.8 (2.6–12.88) 3.6 (2.0–6.5) 4.78 (1.66–14.11) 3.0 (1.5–6.0)

Negative likelihood ratio 0.0 (0–NaN) 0 (0–NaN) 0.4 (0.21–1.21) 0.2 (0–1.4)

Positive predictive value 58% (30%–86%) 43% (17%–69%) 50% (15%–85%) 39% (12%–65%)

Negative predictive value 100% (100%–100%) 100% (100%–100%) 93% (74%–111%) 96% (84%–107%)

Odds ratio � � 12.5 13.1

�2 11.92 (P�.001) 10.55 (P�.001) 7.67 (P�.01) 6.43 (P�.03)

a Confidence intervals shown in parentheses. NaN�not a number.
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The prospective falls in this study
were divided into explained and unex-
plained falls. We felt this distinction
was necessary, as the follow-up period
was only 6 months and environmental
conditions would be different for dif-
ferent seasons of the year. Previous

studies have considered all partici-
pants who fell, participants with in-
jurious falls, or participants with
multiple falls. Only one of the older
adults in the current study had mul-
tiple falls, and no one had injurious
falls. Classification of the older

adults’ falls into explained and unex-
plained falls seemed reasonable, as
many of the circumstances of the par-
ticipants’ explained falls were similar
to those that occur in young adults.42

Other studies that have monitored falls
weekly or monthly using a fall cal-

Table 4.
Metrics of Individual Scores on the Functional Gait Assessment (FGA), Dynamic Gait Index (DGI), and Timed “Up & Go” Test
(TUG) for Identifying Prospective Falls in Community-Dwelling Older Adultsa

A. Metrics of Individual Scores on the FGA for Identifying Prospective Falls in Community-Dwelling Older Adults

FGA
(Abnormal

< Score) Sensitivity Specificity LR� LR�

True
Positive

True
Negative

False
Positive

False
Negative

30 100.0% 0.0% 1.00 NaN 6 0 29 0

29 100.0% 13.8% 1.16 0.000 6 4 25 0

28 100.0% 27.6% 1.38 0.000 6 8 21 0

26 100.0% 34.5% 1.53 0.000 6 10 19 0

25 100.0% 51.7% 2.07 0.000 6 15 14 0

24 100.0% 58.6% 2.42 0.000 6 17 12 0

23 100.0% 62.1% 2.64 0.000 6 18 11 0

22* 100.0% 72.4% 3.63 0.000 6 21 8 0

21 100.0% 75.9% 4.14 0.000 6 22 7 0

20 100.0% 82.8% 5.80 0.000 6 24 5 0

19 66.7% 82.8% 3.87 0.403 4 24 5 2

18 50.0% 93.1% 7.25 0.537 3 27 2 3

16 50.0% 96.6% 14.50 0.518 3 28 1 3

14 33.3% 100.0% NaN 0.667 2 29 0 4

11 16.7% 100.0% NaN 0.833 1 29 0 5

8 0.0% 100.0% NaN 1.000 0 29 0 6

B. Metrics of Individual Scores on the DGI for Identifying Prospective Falls in Community-Dwelling Older Adults

DGI
(Abnormal

< Score) Sensitivity Specificity LR� LR�

True
Positive

True
Negative

False
Positive

False
Negative

24 100.0% 0.0% 1.00 NaN 6 0 29 0

23 100.0% 27.6% 1.38 0.000 6 8 21 0

22 100.0% 44.8% 1.81 0.000 6 13 16 0

21 100.0% 58.6% 2.42 0.000 6 17 12 0

20 100.0% 75.9% 4.14 0.000 6 22 7 0

19* 66.7% 86.2% 4.83 0.387 4 25 4 2

18 50.0% 89.7% 4.83 0.558 3 26 3 3

17 50.0% 93.1% 7.25 0.537 3 27 2 3

16 50.0% 96.6% 14.50 0.518 3 28 1 3

15 16.7% 96.6% 4.83 0.863 1 28 1 5

11 16.7% 100.0% NaN 0.833 1 29 0 5

7 0.00% 100.0% NaN 1.000 0 29 0 6

(Continued)
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Table 4.
Continued

C. Metrics of Individual Scores on the TUG for Identifying Prospective Falls in Community-Dwelling Older Adults

TUG
(Abnormal
> Cutoff) Sensitivity Specificity LR� LR�

True
Positive

True
Negative

False
Positive

False
Negative

6.16 100.0% 0.0% 1.00 NaN 6 0 29 0

7.24 100.0% 3.4% 1.04 0.000 6 1 28 0

7.53 100.0% 6.9% 1.07 0.000 6 2 27 0

7.82 100.0% 10.3% 1.12 0.000 6 3 26 0

8.01 100.0% 13.8% 1.16 0.000 6 4 25 0

8.18 100.0% 17.2% 1.21 0.000 6 5 24 0

8.27 100.0% 20.7% 1.26 0.000 6 6 23 0

8.33 100.0% 24.1% 1.32 0.000 6 7 22 0

8.41 100.0% 27.6% 1.38 0.000 6 8 21 0

8.53 100.0% 31.0% 1.45 0.000 6 9 20 0

8.80 100.0% 34.5% 1.53 0.000 6 10 19 0

9.23 100.0% 37.9% 1.61 0.000 6 11 18 0

9.65 83.3% 37.9% 1.34 0.439 5 11 18 1

9.87 83.3% 41.4% 1.42 0.403 5 12 17 1

10.08 83.3% 44.8% 1.51 0.372 5 13 16 1

10.24 83.3% 48.3% 1.61 0.345 5 14 15 1

10.28 83.3% 51.7% 1.73 0.322 5 15 14 1

10.34 83.3% 55.2% 1.86 0.302 5 16 13 1

10.37 83.3% 58.6% 2.01 0.284 5 17 12 1

10.51 83.3% 62.1% 2.20 0.269 5 18 11 1

10.76 83.3% 65.5% 2.42 0.254 5 19 10 1

10.90 83.3% 69.0% 2.69 0.242 5 20 9 1

11.07* 83.3% 72.4% 3.02 0.230 5 21 8 1

11.23 83.3% 75.9% 3.45 0.220 5 22 7 1

11.24 83.3% 79.3% 4.03 0.210 5 23 6 1

11.47 83.3% 82.8% 4.83 0.201 5 24 5 1

11.70 83.3% 86.2% 6.04 0.193 5 25 4 1

11.87 83.3% 89.7% 8.06 0.186 5 26 3 1

12.09 83.3% 93.1% 12.08 0.179 5 27 2 1

12.34 83.3% 96.6% 24.17 0.173 5 28 1 1

12.62 66.7% 96.6% 19.33 0.345 4 28 1 2

12.84 50.0% 96.6% 14.50 0.518 3 28 1 3

13.22 50.0% 100.0% NaN 0.500 3 29 0 3

13.97 33.3% 100.0% NaN 0.667 2 29 0 4

23.35 16.7% 100.0% NaN 0.833 1 29 0 5

33.23 0.0% 100.0% NaN 1.000 0 29 0 6

a Optimum cutoff scores are in bold type. Current cut scores are indicated with asterisks. NaN�not a number.
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endar have shown fall rates similar
to those of our study (49% with 1
or more fall),43,44 which are higher
than the fall rates found in other
studies.1–3

The criterion score recommended
for the FGA in classifying fall risk is
higher than the mean FGA score
found by Walker et al29 for older
adults over 80 years of age. Seven
adults over the age of 80 years par-
ticipated in that study. Their mean
FGA score (SD) was 20.7 (5.1). Two
of the 7 participants over 80 years of
age reported unexplained falls. Their
scores were significantly lower than
those of the other participants over
80 years of age (scores of 14 and 15).
Two of the participants over 80 years
of age had FGA scores of �22/30 but
did not fall in the ensuing 6 months.
However, their FGA scores were
within the normative ranges found
by Walker et al29 (95% confidence
interval�19.2–22.6). It may be that
adults over the age of 80 years have a
different criterion score than adults
under the age of 80 years. However,
Walker et al29 did not ensure that their
participants had clinical balance
scores within normal limits, and it is
unknown how many of the older
adults they tested fell following their
testing. Until true normative scores are
established, it is safer to use the same
criterion score so that all who are at
risk for falling are identified.

The FGA identified more of the peo-
ple who fell in the 6 months after
testing than the TUG or DGI. The
FGA had a slightly larger AUC than
either the DGI or TUG, indicating
that the FGA is better at predicting
prospective falls. The Sn of the FGA
was higher than that of either the
DGI or the TUG, although the Sp was
lower than that of the TUG, resulting
in slightly poorer LR� and LR� val-
ues. The American Geriatrics Society8

recommendation for the use of the
TUG as a screening tool to classify
older adults at increased risk for falls

based on the metrics of the test and
the ease of performance is supported
by our research. However, a TUG
score of �12.3 seconds is the opti-
mum cutoff score for predicting falls
in the ensuing 6 months, in agreement
with previous research.18,37 The FGA
provides excellent metrics for classify
fall risk and predicting future falls.

Clinical tools such as the TUG and
BBS have performed inconsistently
in classifying older adults at risk for
falls.22,24,26,39,40,45–47 The identifica-
tion of those at risk for falls appears
to be highly dependent on the pop-
ulation of interest, the definition of a
fall, and how the prediction is made.
Clinicians often emphasize the abil-
ity of clinical balance tools to predict
future falls or classify people at in-
creased risk of falls. However, these
tools also are important in identify-
ing balance impairment and direct-
ing treatment. The FGA incorporates
timed walking at speeds required to
cross a street safely, the ability to
walk with head movements, the abil-
ity to turn safely, the ability to walk
backward, the ability to walk with
vision decreased, and the ability to
walk with a narrow base of support.
All are necessary for daily functional
mobility. These tasks may direct spe-
cific interventions directed at im-
proving functional gait, such as walk-
ing with head turns on various
surfaces or providing education on
compensation techniques.

The moderate-to-strong correlations
between the FGA and the ABC, BBS,
and TUG indicate that the FGA pro-
vides different information than the
other clinical tests and may encom-
pass a more comprehensive measure
of balance and the ability to perform
various gait tasks. The FGA also has
eliminated the ceiling effect demon-
strated by the DGI, allowing it to be
more sensitive to change.

There were several limitations in the
current study. Although an adequate

level of power was achieved, a rela-
tively small sample was enrolled.
The small sample size did not allow
for the discriminative and predictive
validity to be evaluated by decade. The
study should be repeated with a larger
sample size and with people of various
impairments and pathologies across
the life span. The older adults were
followed for only 6 months to deter-
mine prospective falls. Collecting data
for a longer period of time likely
would have increased the number of
falls reported and possibly led to a dif-
ferent optimum cutoff score. Further
research is needed to determine other
psychometric properties of the FGA,
such as true normative scores, mini-
mum detectable difference, and mini-
mum clinically important difference.

Conclusion
A cutoff score of 22/30 on the FGA
provides optimum validity for classi-
fying fall risk in older adults at risk
for falling and in predicting unex-
plained falls in community-dwelling
older adults. The FGA appears to pre-
dict falls in community-dwelling
older adults better than the currently
recommended clinical tools.
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