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ABSTRACT. Whitney SL, Marchetti GF, Morris LO, Sparto
J. The reliability and validity of the Four Square Step Test for
eople with balance deficits secondary to a vestibular disorder.
rch Phys Med Rehabil 2007;88:99-104.

Objective: To determine the reliability and validity of the
our Square Step Test (FSST) for use in people with balance
eficits secondary to vestibular disorders, who frequently re-
ort falling and have difficulty with changes of direction.
Design: Cross-sectional descriptive study.
Setting: Outpatient clinic.
Participants: Thirty-two people with balance deficits sec-

ndary to vestibular disorders (mean age, 63.7�17.8y) who
ere currently enrolled in a vestibular physical therapy pro-
ram agreed to participate.
Interventions: Participants performed the FSST, the Timed

p & Go (TUG) test, an 11-m walk test during which walking
peed was recorded, and the Dynamic Gait Index (DGI) and
ompleted the Dizziness Handicap Inventory (DHI) and the
ctivities-Specific Balance Confidence (ABC) Scale.
Main Outcome Measures: The main outcome measures

ere the FSST time, TUG results, DGI score, gait velocity, and
HI and ABC scores. Number of fall risk factors, as deter-
ined by published scores for people at risk for falling on the
UG test and gait speed, and number of falls were compared
ith FSST scores.
Results: The FSST has good reliability (intraclass correla-

ion coefficient, model 3,1: .93; 95% confidence interval, .86–
96) and had good correlations with the other gait measures
correlation coefficients for the TUG, .69; gait speed, .65; DGI,
.51) and poor correlations with the DHI and the ABC (DHI,
.13; ABC, �.12). Multivariate linear regression showed that

1.5% of FSST performance was explained by TUG score and
ait speed. The mean FSST time differed significantly between
roups with 0 (n�12), 1 (n�12), or 2 to 3 (n�8) risk factors
or falls (analysis of variance, F�10.02; P�.01). A cutoff
core of greater than 12 seconds on the FSST was associated
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ith a sensitivity of 80% and specificity of 92% for the
dentification of subjects with 1 or more risk factors for falls.

Conclusions: The FSST is a reliable and valid tool for
easuring the ability to perform multidirectional movements in

eople with balance deficits secondary to vestibular disorders.
Key Words: Balance; Rehabilitation; Reliability and valid-

ty.
© 2007 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

HERE IS A GROWING body of literature that suggests
that people with vestibular disorders fall frequently, re-

ardless of age.1,2 Falls in older adults and people with vestib-
lar and balance disorders have significant consequences.3-7

ear of falling can become incapacitating and predisposes people
ho perceive themselves at risk for falling to inactivity,8 which

tself can lead to problems of debilitation, increased handicap,
nd disability.

The development of tools that can help to better identify
alance deficits and risk of falling is critical for people with
alance disorders. The Four Square Step Test (FSST) has been
alidated as a balance test for identifying fall risk in older
dults.9 It incorporates stepping backward, forward, and side-
ays quickly, which have been reported as being difficult for
eople with vestibular disorders.10 It is common practice for
hysical therapists to have patients perform exercises that
ontain components of the FSST—that is, walking or stepping
n place and changing directions10—yet rarely have therapists
ttempted to quantify sideward and backward movements.

If the FSST proves valuable for identifying multidirectional
tep instability in people with balance and/or vestibular dys-
unction, it will help physical therapists and physicians identify
nother limitation of postural control that may not be captured
y traditional clinical balance measures. For example, the FSST
ight be used by physicians to determine if a person should be

eferred to physical therapy for balance and/or a falls preven-
ion intervention. The purpose of this cross-sectional study was
o determine if the FSST is a reliable and valid measure for
etermining multidirectional step instability in people with
alance and/or vestibular dysfunction. Concurrent validity of
he FSST was established by comparing FSST performance
ith gait velocity, the Timed Up & Go (TUG) test11 results, the
ynamic Gait Index (DGI),12 the Dizziness Handicap Inven-

ory (DHI),13 and the Activities-Specific Balance Confidence
ABC) Scale.14

METHODS
Patients presenting to the balance and vestibular clinic were

sked to sign informed consent to participate in the Four
quare Step protocol that had been approved by the University
f Pittsburgh Biomedical institutional review board. Thirty-two

atients participated in the study (mean age, 63.7�17.8y;

Arch Phys Med Rehabil Vol 88, January 2007
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ange, 25–91y) (table 1), 17 of whom were women. The
verage length of symptoms was 17.5�36.7 months for all
ubjects. Patients reported the number of falls that they had
xperienced in the last month. A fall was defined as uninten-
ional loss of balance resulting in the person landing on a lower
urface or the ground. Seven of the 32 people had reported a
all within the last month, with 3 of the 7 having experienced
ore than 1 fall.
Eighty percent of subjects were diagnosed by a neurotologist

ho specializes in balance and vestibular disorders, and the
emaining subjects were referred with vestibular disorders from
ther physicians (primary care physician, neurologists, otolar-
ngologists). Thirteen patients had a peripheral diagnosis, 16
ad a central vestibular diagnosis, and 3 had a combined
entral and peripheral diagnosis. Eighty percent of subjects had
ompleted an electronystagmography and rotational chair test
hat aided in making the clinical diagnosis, and the remaining
0% of subjects were referred without vestibular testing re-
ults. Six of the patients had abnormal caloric testing results, 10
ad abnormal positional testing results, and 12 had an oculo-
otor abnormality confirmed with vestibular test findings.
Three of the subjects used a straight cane for community

mbulation, but none used the cane during testing. Exclusion-
ry criteria included the use of a walker for ambulation or
evere arthritis that would limit the ability to stand without pain
r discomfort. Thirty-two subjects were able to complete the
tudy. One subject had difficulty understanding the directions
ut was able to perform the test with multiple repetitions of the
erbal instructions plus demonstrations.
Participants performed the FSST, the DGI, and the TUG test,

nd the velocity of their gait was measured. They also com-
leted 2 questionnaires: the ABC and the DHI. These tests are
escribed in the following sections.
The FSST involves stepping over 4 canes that are laid on the

round at 90° angles to each other (like a “plus” sign) (fig 1).
he canes were 90cm in length as first described by Dite and
emple.9 The only modification from the original Dite and
emple study9 was that T-shaped canes were used, so that there
as less risk of people rolling the foot over the cane and

njuring the ankles. The T-cane could slide to the right and left
ut it was impossible to twist the T-cane around its long axis,
s one could with a standard cane. Patients were asked to stand
n 1 square facing forward with their shoes on. They then
otated clockwise around the “plus sign” by moving forward, to
he right, backward, to the left. The patients then reversed their
ath and moved in a counterclockwise direction. Both feet

Table 1: Demographic and Clinical Characteristics of Subjects
(N�32) Performing the FSST

Characteristic Values

Mean age � SD (y) 63.7�17.8
Age �65y, n (%) 16 (50)
Diagnostic category, n (%)

Peripheral 13 (41)
Central 16 (50)
Unspecified 3 (9)

Women, n (%) 17 (53)
Mean length of symptoms � SD (mo) 17.5�36.7
Self-reported falls in the previous 1 month, n (%) 7 (22)

One-time fallers 4 (12.5)
Multiple fallers 3 (9.3)

bbreviation: SD, standard deviation.
ntered each square. The instructions were, “Try to complete

rch Phys Med Rehabil Vol 88, January 2007
he sequence as fast as possible without touching the sticks.
oth feet must make contact with the floor in each square. If
ossible, face forward during the entire sequence.”9 Interrater
eliability was initially reported to be r equal to .99.9 With a
utoff score of more than 15 seconds, the test has a sensitivity
core of 89%, and for nonmultiple fallers it has a specificity of
5% with a positive predictive value of 86% for detecting a
istory of falls among community-living adults.9

Each subject had 1 practice trial and 2 timed trials. One
ubject took 1 extra trial and another took 2 extra trials to
omplete the testing, with all subjects completing the testing
ithin 5 minutes. If a patient touched the cane, lost his/her
alance, or did not place both feet in the square, he/she was
sked to repeat the trial. In Dite and Temple’s study,9 it took
ess than 5 minutes to perform the testing in older adults.

All patients were tested by 1 of 3 physical therapists. Two of
he therapists have greater than 15 years experience with peo-
le with balance and vestibular dysfunction, and the remaining
hysical therapist has over 6 years experience.
Patients completed the 8 walking items of the DGI including

alking on level surfaces, with a quick pivot turn, at different
peeds, with head movements (pitch and yaw), over and around
bjects, and up and down steps.12 Each item was scored on an
rdinal scale (range, 0–3) based on established descriptors with
maximum total score of 24. Scores of less than 20 have been

elated to reported falls in people with vestibular disorders15

nd scores of less than 19 have been related to falls in com-
unity-living older people.16 The DGI has good interrater

eliability (��.64) in people with peripheral vestibular dys-
unction.17 The DGI was used to describe each patient’s dy-
amic gait performance.
The time to complete the TUG test was recorded.11 Patients

ere asked to stand from a chair with armrests, walk 3m, and
eturn to the sitting position in the armchair at their comfortable
Fig 1. The FSST.
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ace. Scores on the TUG test of 11.2 seconds or greater showed
he highest sensitivity and specificity for identifying a fall
istory among people with vestibular dysfunction.18 Patients
ere also asked to walk at their normal speed over an 11-m
athway where the middle 6.1m was recorded with a digital
topwatch so that gait speed could be determined.

All subjects completed 2 paper-and-pencil tools: the DHI13

nd the ABC14 scale. The DHI is a 25-item questionnaire about
erceived handicap from dizziness. DHI scores range from 0
best score) to 100 (worst score). Scores of more than 60 have
een related to reported falls in people with vestibular dysfunc-
ion.19 The ABC is a tool that consists of 16 questions that ask
eople to rate how confident they are that they could maintain
heir balance while completing specific tasks.14 Scores range
rom 0 to 100, with 100 as the best score. Low scores (under
0) have been related to people who had low levels of physical
unctioning and also those at risk for falling.20,21

ata Analysis
Test-retest reliability of the 2 administrations of the FSST

as determined using intraclass correlation coefficient, model
,1 (ICC3,1). External construct validity of the ability to change
irections quickly was determined by comparing the differ-
nces in FSST score between subject groups with fall risk
actors using 2-way analysis of variance (ANOVA). Fall risk
roups were defined by the number of fall risk factors out of
he following 3: self-reported fall in the prior month, TUG
core of more than 10 seconds,11,18 and gait velocity of less
han .80m/s.22,23 The Tukey post hoc comparison was used to
etermined specific group differences. Age was tested as a
otential covariate in relation to fall risk factors and FSST
erformance. Statistical significance was set at P less than .05.
Concurrent validity was determined by evaluating the cor-

elational relation between the FSST and other functional and
elf-reported disability measures described earlier: TUG, gait
elocity, DGI, ABC, and DHI. The associations between the
SST and concurrent functional and disability measures were
etermined with the appropriate correlation coefficient (Pear-
on or Spearman). A significance level of P less than .01 was
sed to evaluate correlations. To determine the effect of age on
he concurrent validity of inferences from FSST measurements,
he correlational analyses were performed for age groups cre-
ted by stratification at less than and greater than or equal to 65
ears.
Concurrent validity for measurements of multidirectional

ostural control with the FSST was described by evaluating the
inear relation between the FSST and concurrent measures of
he TUG, gait velocity, DGI, ABC, and DHI. Multivariate
inear regression analysis was used to identify the significance

Table 2: Descriptive Means for Concurrent Measures of Gait,
Balance, and Perceived Disability for All Subjects

Measures All Subjects Age �65 Years Age �65 Years

FSST (s) 13.6�4.3 12.4�4.2 14.8�4.3
TUG (s) 10.3�2.8 9.6�3.2 10.9�2.1
Gait velocity (m/s) 1.01�0.22 1.02�0.23 1.01�0.21
DGI (score range,

0–24) 20.3�3.5 19.9�4.1 20.7�2.9
ABC (%) 62.9�19.6 58.4�17.9 67.4�20.5
DHI (%) 34.7�23.2 42.9�27.1 26.4�15.4

OTE. Values are mean � SD. Reliability: excellent consistency was
een across the 2 administrations of the FSST (ICC3,1�.93; 95%
onfidence interval, .86–.96).
f the association and the amount of variance (adjusted R2) in
h
n

SST score that is potentially explained by the concurrent
easures of the TUG, gait velocity, DGI, ABC, and DHI. The

est-fitting linear model that explained variance in FSST score
as determined using a significance level of P less than .05 to

valuate the individual parameter estimates and the full model
xplaining FSST scores. Subject age was also evaluated as a
ossible covariate in the linear relation between the FSST and
he other study outcome measures.

The ability of measurements taken with the FSST to dis-
riminate between subjects at increased risk for falls was
valuated with a receiver operating characteristic (ROC) curve
ith analysis of area under the curve (AUC). The sensitivity
as plotted against 1 minus specificity for subjects with at least
fall risk factor as described earlier. The AUC was tested (at
�.05) against an area value of no discrimination (AUC�.50).
aximal sensitivity and specificity for at least 1 of the fall risk

actors (number of reported falls in the last month, gait veloc-
ty, TUG score) was estimated.

RESULTS
Table 2 presents the descriptive statistics for the FSST,

UG, gait velocity, ABC, and DGI for all subjects and for
roups created by stratifying for age at less than and greater
han or equal to 65 years. The number of fall risk factors as
efined by positive fall history, gait speed, and TUG had a
ignificant effect on FSST score. The mean FSST time differed
ignificantly between groups with 0 (n�12), 1 (n�12), or 2 or

(n�8) risk factors for falls (ANOVA, F�8.83; P�.01).
igure 2 illustrates the mean and 95% confidence interval (CI)
or FSST times for 3 groups based on the number of fall risk
actors. Post hoc (Tukey) group comparisons showed signifi-
ant mean differences between the groups with no risk factors
nd the groups with 1 risk factor (P�.01) or 2 or 3 risk factors
P�.01). The mean difference between the 1- and 2 or 3–risk
actor groups was not significant. Age was not a significant

ig 2. FSST scores (mean and 95% CI) for subjects with none
n�12), 1 (n�12), and 2 or 3 (n�8) fall risk factors as defined by fall
istory (>1 falls), TUG test (>10s), and gait speed (<.80m/s). *Post

oc testing showed a significant mean difference (P�.01) between
o risk factors and those who had either 1 or 2 or 3 risk factors.

Arch Phys Med Rehabil Vol 88, January 2007
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A

ovariate in the relation between fall risk and FSST perfor-
ance (ANOVA, F�1.98; P�.17).
Excellent consistency was shown across the 2 administra-

ions of the FSST (ICC3,1�.93; 95% CI, .86–.96). Table 3
ncludes the correlation coefficients for the associations be-
ween the FSST and concurrent measures of gait, balance, and
elf-reported disability: TUG, gait speed, DGI, ABC, and DHI.

The FSST showed statistically significant moderate to strong
orrelations with concurrent measures of gait speed, gait sta-
ility (DGI), and gait with transitional movements as measured
y the TUG. There were no significant associations with either
he ABC or the DHI.

Results of the stepwise linear regression analysis for con-
urrent validity of the FSST showed that performance on the
SST was significantly associated with TUG and gait speed

ig 3. ROC curve for values of the FSST with sensitivity and 1 minus
pecificity for the identification of subjects (n�20) with at least 1 fall

Table 3: Correlation Coefficients for the Association Between the
FSST, TUG Test, Gait Speed, DGI, ABC Scale, and DHI for All

Subjects (N�32)

Measures FSST TUG
Gait

Speed DGI* ABC* DHI

FSST .69† .65† �.51† �.12 �.13
TUG .69† �.66† �.56† �.20 �.00
Gait speed .65† �.66† .82† .41 �.22
DGI* �.51† �.56† .82† .39 �.43
ABC* �.12 �.20 .41 .39 �.72†

DHI* �.13 �.00 �.22 �.43 �.72†

Spearman nonparametric correlation.
Correlations significant at P�.01.
F
isk factor: 1 or more falls in the month before testing, TUG test
core greater than 10 seconds, or gait speed greater than 0.8m/s.

rch Phys Med Rehabil Vol 88, January 2007
P�.001). Subject age, DGI, ABC, and DHI were not signif-
cant predictors of FSST time (at P�.05) in a linear model that
lso included TUG and gait speed. The TUG was the largest
redictor of FSST score, explaining 46.1% of variance in FSST
core. A 2-variable model of the TUG and gait speed explained
1.5% of the variance in subjects’ FSST performances.
Figure 3 illustrates the ROC curve for values of FSST scores

lotted by sensitivity and 1 minus specificity for the identifi-
ation of subjects with at least 1 fall risk factor: 1 or more falls
n the month before testing, TUG score greater than 10 sec-
nds,11,18 or gait speed greater than 0.8m/s.22,23 The AUC
reated by the plot of sensitivity versus 1 minus specificity for
ubjects with 1 or more fall risk factors detected by FSST
cores differed significantly from .50 (AUC�.89; P�.01; 95%
I, 0.78–1.00). A cutoff score on the FSST of 12 seconds
enerated a sensitivity of 80% and specificity of 92% for the
dentification of subjects with 1 or more risk factors for falls in
his sample of subjects with vestibular disorders.

The correlation coefficients between the FSST and the
oncurrent measures of gait, balance, and self-reported dis-
bility for subjects in groups created by stratifying for age at
ess than 65 and greater than or equal to 65 years are de-
cribed in table 4. In both subject groups, FSST score corre-
ated moderately with the DGI scores. Scores for the FSST
orrelated more strongly (r��.75) with gait speed in younger
ubjects than in older subjects (r��.59). In younger subjects,
he FSST strongly correlated with the TUG (r�.90, P�.01).
he scores on the FSST and TUG were not significantly
ssociated in older subjects.

DISCUSSION
The FSST is a reliable and valid measure that describes the

bility of people with balance deficits secondary to a vestibular
isorder to change directions quickly. Half of the study patients
ere community-living adult outpatients over the age of 65
ears who presented to a balance center for rehabilitation,
imilar to Dite and Temple’s subjects.9 It appears that the FSST
ay also be helpful in identifying younger people who have

ifficulty changing directions.
Those 65 years of age and older took longer to complete the

SST (14.8s vs 12.4s) than younger subjects (see table 2).
ased on Dite and Temple’s work,9 15 seconds was the best

core to optimize the sensitivity and specificity of the FSST for
dentifying multiple fallers. Therefore, the older patients in our
tudy were closer to being at risk for falling as a group than the
ounger subjects, although only 3 of the 7 people who reported
or more falls were over 65 years of age. There were a total of

1 people who obtained an FSST score of greater than 15
econds.

The younger (�65y) subjects had faster timed scores on the

Table 4: Correlation Coefficients for Associations Between the
FSST and Concurrent Measures of Gait and Balance in Subjects

Younger Than 65 Years and Subjects 65 Years and Older

Variable Subjects �65 Years (n�16) Subjects �65 Years (n�16)

TUG .90* .36
Gait speed �.75† �.59†

DGI‡ �.54† �.51†

ABC‡ �.19 �.27
DHI‡ �.12 .06

Correlation significant at P�.01.
Correlation significant at P�.05.
Spearman nonparametric correlation.
SST, TUG, and gait velocity but had more impaired scores on
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103FOUR SQUARE STEP TEST AND VESTIBULAR DYSFUNCTION, Whitney
he DGI, ABC, and DHI. The lower (more impaired) scores on
he DGI have been reported previously in younger subjects
ith vestibular disease.1,15 Faster TUG scores have previously
een reported in younger people compared with older adults.24

t has also been reported that younger people seen in a tertiary
alance clinic had greater dizziness handicap and less balance
onfidence than older people with vestibular dysfunction,2 sim-
lar to these reported findings.

The reliability between the 2 test administrations of the
SST was .93, indicating that it may not be necessary to
erform 2 trials. It would only take a clinician 1 to 2 minutes
o explain, perform, and record the FSST score. The FSST
ould be used as a quick screening tool to assess the ability to
tep in different directions quickly.

Performance of the ability to change directions quickly was
ssociated with the presence of 3 fall risk factors (reported
alls, the TUG, gait speed). Various researchers7,25 have pre-
iously reported that the risk of falling increases with an
ncreased number of risk factors. The FSST scores of patients
ho had no reported falls, who walked .80m/s or faster, and
ho performed the TUG in 10 seconds or less had much faster
SST times than those patients who either had increased time
n the TUG and/or had decreased gait velocity.
In a previous study,11 all healthy elderly subjects within an

ge range of 70 to 84 years performed the TUG in under 10
econds (mean, 8.5s). The mean TUG score in our study was
0.3 seconds, indicating that as a group, patients who partici-
ated in the study did not have significant gait dysfunction, as
etermined by the TUG test.11 The sample mean TUG scores
ere similar to the comparison group in the Dite and Temple9

10.0s) and the Podsiadlo and Richardson11 studies (8.5s),
uggesting that our overall sample mean was closer to their
omparison (control) group than the 1 time– or multiple-faller
roups in their studies. Only 22% of subjects in this study
eported a fall within the last month.

Wolfson et al26 reported that older adults living in the com-
unity ambulate between 1.0 and 1.2m/s. The mean walking

peeds of the patients in this study were slower than those older
dults living in the community. Nursing home residents who
ad fallen had mean gait speeds of .53m/s.26 Our patients were
loser to the community-living older adults, which seems log-
cal because all of our patients attended an outpatient physical
herapy clinic.

tudy Limitations
There may have been selection bias by the physical thera-

ists who recruited the subjects, because they may not have
sked people who had significant movement impairments to
articipate in the study. Lajoie and Gallagher20 suggested that
cores of 67% and lower on the ABC were related to significant
all risk in community-living older people. Based on this cri-
erion, more than half of the current cohort was at risk for
alling, because the median ABC score was 64.

All people who agreed to participate were able to complete
he FSST, which is a difficult test because of the total weight
ransfer required and the demand that subjects complete the test
s quickly as possible. Although cognition was not screened,
ll people were able to sign the consent volitionally, suggesting
hat the physical therapists had considered the subjects unim-
aired or only minimally cognitively impaired. The FSST
ould not work well with people who have significant cogni-

ive impairment,9 because they must remember where to step
nd one must provide a demonstration and complex instruction
or people to complete the task.

The FSST cutoff score for best discrimination of those

eople with multiple fall risk factors in the present study was
2 seconds. Dite and Temple9 reported a cutoff score of 15
econds for optimal sensitivity and specificity related to re-
orted falls. In our sample, patients had chronic balance and/or
estibular dysfunction. There was greater variability in the
cores of patients who participated in the Dite and Temple
tudy,9 with one third of their sample consisting of multiple
allers. In this study, only 3 subjects had fallen more than
time.
The mean length of symptoms was 17.5 months, indicating

hat our patients had chronic symptoms. Subjects may have
erformed well on the FSST because they had over a year to
ecover from their vestibular disorder, although when length of
ymptoms was compared with FSST results, there was no
elation, suggesting that chronicity had little or no impact on
he findings. In a sample of subjects with shorter symptom
uration, the findings may have been different.
Making inferences about fall risk based on retrospective

eports of falling may limit predictive inferences of future
alling. It is difficult to determine if postural adaptations and
ehavioral characteristics are due to the presence of fall risk
actors or patient response to a previous fall.

In addition, FSST scores of half of the subjects were mea-
ured by a physical therapist who was blinded to the results of
he concurrent outcome measures. It is possible that there could
e some bias in the FSST results taken by nonblinded thera-
ists.
The FSST, based on the reported correlations, is a reasonable
ethod to quantify the ability to rapidly shift weight in differ-

nt directions in people with balance deficits secondary to a
estibular disorder. Dite and Temple9 suggest that the FSST
ight aid in clinicians’ understanding of a patient’s ability to

hift weight quickly to prevent a fall from a trip or slip.
One could complete the FSST without head rotation, be-

ause people are instructed to try to look forward throughout
he test. Vestibular inputs may be very important because
eople prepare to turn during gait.27 The FSST may not include
nough head movement to be sensitive in identifying dysfunc-
ion in people with vestibular disorders.

The DGI attempts to quantify the effects of head movement
uring gait. One DGI item includes gait while moving the head
n the yaw plane. Post hoc analysis showed that people who
cored less than “normal” on gait with head turns had signifi-
antly slower (3.2s, P�.02) FSST scores than those who
alked normally with head turns. Future studies should inves-

igate the effect of fast body direction changes that also incor-
orate head movement in people with balance and/or vestibular
isorders.

CONCLUSIONS
The FSST is easy to perform and provides a quantitative
easure of the ability to quickly change directions while lifting

he feet off the ground. It has been shown to be a reliable and
alid measure of postural performance for use with adults with
alance deficits secondary to a vestibular disorder. The FSST
ssesses the ability to change directions quickly, and it takes
ittle time to administer the test.
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