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bstract

bjective  To determine the validity and inter- and intra-rater reliability of the Four Square Step Test (FSST) in assessing gait performance,
alance and physical function for patients with hip osteoarthritis before and after total hip replacement (THR).
esign  Observational, repeated measures.
etting  A specialist orthopaedic hospital.
articipants  Fifty-eight participants with moderate to severe hip osteoarthritis scheduled to receive primary hip replacement within 4 months

rom recruitment.
ain  outcome  measure  Time to complete the FSST, time and steps to complete the Figure of 8 Walk Test (F8W) and Berg Balance Scale

core (BBS).
esults  The Bland and Altman limits of agreement for intra-rater measurements of the FSST were −3.2 s to 3.5 seconds before THR and −1.5

o 2.0 seconds after THR. Limits of agreement for two different raters were −2.2 to 3.4 seconds, all with small mean differences indicating
ittle bias between raters or replications. Concurrent validity was assessed, and the FSST correlated highly with the F8W (r  = 0.7, P  <  0.001)
nd moderately with the BBS (r  = 0.6, P  < 0.001). Only one participant was rated as being at moderate risk of falls on the BBS, with the other
articipants scoring low; only one participant failed to complete the F8W. This is in contrast to the FSST, which 21 people failed to complete
re-operatively.
onclusions  The FSST is a valid and reliable measure of multi-directional stepping speed and balance, giving a more informative measure

f gait performance than the F8W and BBS, and is feasible for use in a clinical population of patients both before and after THR.

 2018 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Our living communities are complex environments that

ontinue to challenge our balance control and walking pat-
erns to help avoid obstacles, change directions, carry loads,
nd plan a path to a destination based on prior cognitive maps
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1]. However, most measures of walking ability and static
alance provide limited insight to everyday mobility, as they
re constrained to situations of minimal environmental chal-
enge [2]. Patients with hip osteoarthritis have been shown to
ave reduced toe clearance, impaired obstacle avoidance, and
ait and balance disorders [3]. The same is true post opera-
ively, where patients with a total hip replacement (THR) are
eported to have a slower gait speed and shorter stride length

4] as well as reduced postural balance [5].

One measure that does challenge obstacle avoidance and
hange of direction is the Four Square Step Test (FSST).

 All rights reserved.
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he test requires a person to step forwards, backwards and
ideways over obstacles in a specified sequence.

Developed by Dite and Temple [6], the FSST has been
hown to provide a measure of dynamic standing balance and
obility. Both balance and mobility are the most consistently

dentified risk factors linked to falls [7–9]. Most falls occur
uring movement itself, with trips and slips accounting for a
arge proportion of falls [10–12], indicating that the ability
o take a rapid step may help prevent some of these falls. The
SST could therefore be used to identify an increased risk of
alls in those who have slower test times. Furthermore, the
mall testing space and low equipment requirements of the
SST make it an appealing outcome measure for the clinical
etting.

The FSST has been shown to discriminate between
ealthy and non-ambulatory populations (P  < 0.01), dis-
laying high inter-rater reliability [intraclass correlation
oefficient (ICC) = 0.99] and retest reliability (ICC = 0.98)
6]. It has also been shown to be a valid and reliable mea-
ure to assess balance deficits in community dwelling older
dults, and patients with Parkinson’s disease, Huntington’s
isease, multiple sclerosis, vestibular disorders, post stroke,
ost transtibial amputation and knee pain [13]. The reliabil-
ty of the FSST has also been gauged in participants with
ip osteoarthritis (OA) [14]; however, the validity for this
opulation has yet to be determined.

It is therefore pertinent that the FSST be validated in
his population so that effective rehabilitation to address any
eficits can occur. To provide a measure of concurrent valid-
ty, the FSST was evaluated against the Figure of 8 Walk
est (F8W) and the Berg Balance Scale (BBS), which are
oth measures of dynamic balance that are reliable and used
ithin the orthopaedic setting [15,16]. It is also essential to
etermine the reliability of this population before and after
HR as, in clinical situations, multiple assessors may need

o use the test or the same assessor will need to repeat the
SST to measure change.

The objectives of this study were to explore the validity
f the FSST by comparing its agreement with the F8W and
BS in patients with hip OA before and after THR, and to
stablish the inter- and intra-rater reliability of the FSST by
omparing the limits of agreement within and between two
eparate assessors.

ethods

This study was reported according to the Standards for the
eporting of Diagnostic Accuracy Studies reporting guide-

ines.

articipants
Eighty participants were recruited from a specialist
rthopaedic hospital, with a total of 58 participants complet-
ng all three study assessments. To ensure a sufficient sample
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ize, the recommendations from the consensus-based stan-
ards for the selection of health measurement instruments
uidelines were followed [17]. Individuals were eligible if
hey had moderate to severe hip OA, were due to undergo a
rimary THR and were aged over 55 years. Individuals were
ot eligible if they were found to have severe cardiovascu-
ar or pulmonary disease, severe dementia or communication
ifficulties, rheumatoid arthritis or a neurological condition
hat would affect their ability to take part in the balance tests,
egistered with a visual impairment, or due to have further
lanned treatment on the hip within the next 4 weeks. A con-
ecutive series of participants were enrolled on to the study.
thical approval was obtained for the study from the Office

or Research Ethics Committees, Northern Ireland. All par-
icipants were informed about the purpose and procedures
f the study, and gave written consent. Fig. 1 shows a flow
iagram of participants throughout the study.

easures

Standardized protocols were developed according to the
rocedures stated in the original validation study for each
easure. Background information on an individual’s rele-

ant medical history and physical characteristics (including
eight, weight and any previous lower limb surgery) was col-
ected. Participants also completed the Oxford Hip Score,

 12-item questionnaire that measures patient-reported out-
omes of hip function [18], and the Activities Specific
alance Confidence Scale, which is a subjective measure of
onfidence in performing various ambulatory activities [19].

ndex  test—Four  Square  Step  Test

Four 90-cm canes were placed in a square resting flat on
he floor. Each square was numbered one to four. The bottom
eft square was labelled Number 1 and the participant was
sked to stand in this square facing forwards. The patient was
equired to step into each square in the following sequence:
, 3, 4, 1, 4, 3, 2 and 1 (see Fig. 2). The patient was instructed
o try to complete the sequence as quickly as possible without
ouching the canes. Both feet had to make contact with the
oor in each square, and the participant had to face forwards
uring the entire sequence. One practice trial was performed,
ollowed by two test trials; the fastest time was taken.

eference  standard—Figure  of  8  Walk  Test

Participants were instructed to stand mid-way between
wo cones (1.52 m apart) and to face towards one of the cones.
n unmarked 0.6-m boundary around the testing area was
oted by the assessor to check for walking accuracy (see
ig. 3). Participants were asked to walk at a comfortable,

elf-selected speed and direction following a figure-of-8 path
round the cones, stopping when they had returned to their
tarting position. The timer began when the participant moved
o take their first step, and the timer stopped once both feet
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Fig. 1. Flow of participants through study.

Fig. 2. Four Square Step Test set-up.
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ig. 3. Figure of 8 Walk Test diagram.

ere back at the starting position. The time and number of
teps taken were recorded. The assessor noted whether the
articipant kept within the unmarked 0.6-m boundary, and
lso rated the participant on a three-item walking smooth-
ess score which evaluated stopping, change of pace and
esitation.

eference  standard—Berg  Balance  Scale

The participant was asked to complete 14 different balance

ests including sit-to-stand, stand-to-sit, unsupported stand-
ng, unsupported sitting, transfers, standing with eyes closed,
tanding with feet together, reaching forwards, picking up an

s
t
i

erapy 105 (2019) 244–253 247

bject from the floor, turning to look behind, 360◦ turn, step
n to stool, tandem stance and single leg stance. Each task
as marked from zero to four, with four being the best score.
he test was totalled out of 56, with higher scores indicating

ower risk of falls.

rocedures

The FSST was conducted a total of five-times over three
eparate visits for each participant before they had their
urgery and then again post-operatively. At the initial assess-
ent, all three outcome measures were completed once and

arried out in a pre-set sequence picked at random. To estab-
ish inter-rater reliability, a second assessment was conducted
y two separate assessors: Assessor A, who performed the
nitial assessment, and Assessor B. Both Assessor A and
ssessor B carried out the FSST once and allowed the patient

 minute of rest in between the tests. Both assessors were
linded to each other’s result. The second assessment was
cheduled 7 to 35 days after the first assessment in order
o minimize learning effects. The final assessment was con-
ucted by Assessor A 6 months after THR. The FSST was
arried out twice with 1 minute of rest in between each test
o establish intra-rater reliability after THR.

tatistical  analysis

Descriptive statistics were used to characterize the study
opulation. Means and standard deviations (SD) were
alculated for continuous variables, and frequencies and per-
entages were calculated for binary variables. An analysis of
ntra- and inter-rater reliability for the FSST was performed
or all three assessment time points using SPSS Version 24
IBM Corp., Armonk, NY, USA) and based on the fastest
SST for each assessment. Bland and Altman plots with
5% limits of agreement were produced to provide a clin-
cally meaningful picture of the size and range of the raters’
cores [20]. In the plots, the differences between each pair
f measurements are plotted against the mean of each pair
f measurements. If the differences follow a standard normal
istribution, then 95% of the differences will lie between 2
D.

To investigate concurrent validity between the FSST, F8W
nd BBS, a Pearson’s correlation coefficient was calculated.
catter plots were also produced to show the relationship
etween each measure. The outcomes produced in each of
he three tests are different. Consequently, when the limits of
greement between differences and averages were measured
or the three tests, the raw measures of time and points were

tandardized by creating z-scores based on the sample’s dis-
ribution. Gait/step speed and balance were the outcomes of
nterest, which were compared between measures.



248 M. Batting, K.L. Barker / Physiotherapy 105 (2019) 244–253

Table 1
Characteristics of participants.

n Mean SD Range

Age (years) 58 70.6 7.1 56 to 94
BMI (kg/m2) 58 28.3 4.9 20.2 to 40.6
ABC scale scorea 55 69.8 20.9 17 to 99
OHS questionnaireb 56 21.4 8.2 5 to 40

n %
BMI (kg/m2)

Normal weight (18 to 24.99) 12 21
Overweight (25 to 29.99) 27 47
Obese (≥30) 19 33

Gender
Female 32 55
Male 26 45

Previous lower limb surgery
Yes 31 53
No 27 47

Other musculoskeletal conditions
Yes 22 38
No 36 62

Falls history in previous year
Yes 16 28
No 42 72

ABC scale, Activity-Specific Balance Confidence Scale; OHS, Oxford Hip
Score; SD, standard deviation.

a Excludes three participants because of incomplete ABC forms (missing
data).
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Table 2
Outcome measurements summary.

n Mean (SD)

First assessment (Assessor A alone)
Four Square Step Test (seconds) 58 13.7 (5.6)
Figure of 8 Walk Test (seconds) 58 10.0 (3.4)

Figure of 8 Walk Test steps 58 15.8 (4.1)
Berg Balance Scale total score 58 52.6 (3.7)

Second assessment
Assessor A

Four Square Step Test (seconds) 57 14.2 (6.5)

Assessor B
Four Square Step Test (seconds) 55 13.6 (5.6)

Follow-up assessment (Assessor A alone)
Four Square Step Test (seconds) time 1 58 11.1 (3.2)
Four Square Step Test (seconds) time 2 58 10.8 (3.0)

n %

Four Square Step Test fails
Assessment 1 7 12.1
Assessment 2 14 24.1
Assessment 3 4 6.9

Figure of 8 Walk Test boundary fails n
Assessment 1 1 1.7

Berg Balance Scale score breakdown
Low risk of falls (41 to 56) 57 98.3
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b Excludes two participants because of incomplete OHS forms (missing
ata).

esults

In total, 58 participants were included in the final review
f the study from the initial 80 patients recruited (see Fig. 1).
he participant characteristics are reported in Table 1.

On average, participants were assessed 18 days (SD 8.8)
etween the first and second assessments, and 6 months (SD
.9) between surgery and the final assessment. A summary of
he outcome measures scores is provided in Table 2. Reasons
nd frequency of test fails are noted in Table 3.

ntra-  and  inter-rater  reliability

Before THR, on 95% of occasions, the second measure-
ent made by Assessor A was within 6.1 seconds of the first
easurement (above or below). When outliers were removed,

he Bland and Altman limits of agreement reduced to 3.5 to
3.2, with a mean difference of 0.14.
Measurements of the FSST made by Assessor A were

lightly higher than those made by Assessor B (mean differ-
nce 0.6 seconds), and the latter were within 2.8 seconds of
he former on 95% of occasions. Finally, repeated measure-

ents carried out by Assessor A at follow-up had narrower
imits of agreement, where the second measurement was
ithin 1.8 seconds of the first measurement on 95% of occa-
ions.
Three notable outliers are presented within Fig. 4A. When

hese were removed, the upper limits of agreement were 3.5, t
Medium risk of falls (scores 21 to 40) 1 1.7
High risk of falls (scores to 20) 0 0

ower limits of agreement were −3.2 and mean was 0.14.
hen the difference between measurements for intra-rater

eliability before THR was recalculated with these outliers
emoved, a narrower agreement of 3.1 seconds on 95% of
ccasions was found.

oncurrent  validity

Times taken to perform the FSST and F8W were strongly
orrelated (r = 0.7, P  < 0.01). Moderate negative correlations
ere also found between the FSST and BBS (r = −0.6,

 < 0.01). Scatter plots showed a strong positive linear rela-
ionship between the FSST and F8W (Fig. 5A). A strong
egative relationship was also seen between the FSST and
BS (Fig. 5B).

Fig. 6 depicts Bland and Altman plots for the sample show-
ng limits of agreement between the FSST, F8W and BBS
-scores. It confirms the correlation findings to show good
greement between the FSST, F8W and BBS with a mean
ifference close to zero, and almost all observations spread
ithin narrow limits of agreement for the F8W (1.6 to −0.8

-scores) and BBS (3.9 to −2 z-scores).

iscussion
To the authors’ knowledge, this is the first study to assess
he validity and reliability of the FSST before and after



M. Batting, K.L. Barker / Physiotherapy 105 (2019) 244–253 249

Table 3
Four Square Step Test—reasons for test fails.

First
assessment

Second
assessment:
Assessor A

Second
assessment:
Assessor B

Follow-up
assessment;
Trial 1

Follow-up
assessment;
Trial 2

Failed test due to wrong sequence 4 4 1 1 1
Failed test as touched canes 3 5 3 2 1
Failed test due to loss of balance 0 1 0 0 0
Total fails 7 10 4 2 2

F sor A f
A he 6-mo

h
a
t
w
A
t
f

s
a
p
p
s
a
w
t
t
s

h
r
i
w
c
r

(
a
p
T
o
p
a
t

ig. 4. Bland and Altman reliability plots. (A) Intra-rater reliability for Asses
 and B for second assessment. (c) Intra-rater reliability for Assessor A at t

ip replacement surgery. The study found the FSST to be
 valid and reliable measure of balance for this popula-
ion. Both intra- and inter-rater reliability were demonstrated
ith relatively small variation in scoring between and within
ssessors A and B. Strong correlation was found between

he FSST and F8W, and moderate negative correlation was
ound between the FSST and BBS.

It is important to be able to determine a patient’s stepping
peed and ability to help assess their risk of falls, and provide

 clinically meaningful measure of balance to ensure appro-
riate and timely rehabilitation. This is particularly true in
atients who have hip OA as they are known to have reduced
tepping speed and obstacle clearance [21]. The ability to step
t speed in multi-directions is required in everyday walking
hen responding to forward, backward and lateral perturba-
ions (e.g. when walking in a busy street). It was noted by
he assessors that, pre-operatively, participants struggled to
tep sideways in particular due to the known reduction in

o
t
p

or first and second assessments. (B) Inter-rater reliability between Assessors
nth follow-up assessment.

ip abductor strength [22]. Following surgery, many patients
eported finding it easier to take a side step, which may,
n part, explain the reduction in mean FSST step test time
ith a mean difference of 2.9 seconds post operatively. This

orrelates with the known increase in gait speed after hip
eplacement surgery [23].

This study reported a slower mean test time for the FSST
13.73 seconds for first assessment, 14.2 seconds for second
ssessment and 11.13 seconds for third assessment) com-
ared with the results of Hess et al. [15] (8.97–8.56 seconds).
hese differences may, in part, be explained by the mean age
f their participants, who were significantly younger. The
resent study also had a larger sample size with a greater
ge range of participants, which is more representative of
he current THR population. However, there exists a dearth

f literature assessing the FSST in musculoskeletal condi-
ions, making it difficult to conclude with confidence that the
resent findings are reflective of the population as a whole.
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ig. 5. Scatter plots showing correlation between the Four Square Step Tes
B) in the first assessment.

The Bland and Altman plots reinforce the finding that the
SST is a reliable measure showing relatively narrow lim-

ts of agreement. Three significant outliers were highlighted
hen analysing the agreement within Assessor A, with a dif-
erence of more than 7 seconds between the two measurement
imes. If these outliers are not removed, a variation of up to

 seconds is shown for 95% of occasions. Clinically, varia-

s
b
i

) and the Figure of 8 Walk Test (F8W) (A) and Berg Balance Scale (BBS)

ions of up to 6 seconds would not be a reliable predictor of a
atient’s risk of falls, given that previous studies have found
ut-off scores as low as 9.68 seconds for the FSST [24].

Additionally, when looking at two of the outliers, their

econd assessment time is markedly slower than the first for
oth Assessors A and B, which may indicate that their mobil-
ty had declined between the first and second assessments
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ig. 6. Bland and Altman plots showing z-scores. (A) Difference in score 

ifference in score between the FSST and Berg Balance Scale (BBS).

nd the result is not due to measurement error alone. One of
he outliers was seen to produce faster scores at the second
ssessment for both assessors, and this could also indicate a
otential learning effect that was not accounted for within the
tudy.

It is also important to discuss the length of time between
ests, and how this may account for variations in intra-rater
eliability before and after THR. The pre-operative retest
imes were, on average, 18 days apart; however, at the third
ssessment, the two retest scores were measured just 1 minute
part. This would account for the 1.8-second difference
ithin rater scores from before to after THR, as there are

ewer confounding variables if the measures are taken within
 minute of each other compared with multiple days apart.

When comparing the results of the FSST with the BBS,
hose with a higher overall score were found to be quicker at
ompleting the FSST. For the BBS, those at low risk of falls
re scored from 41 to 56, those at moderate risk of falls are
cored from 21 to 40, and those at high risk of falls are scored
rom 0 to 20 [25]. However, only one participant in the study
ohort was rated as being at moderate risk of falls, scoring
7 on the BBS, whereas 16 of the participants had reported a
all in the past year, indicating that perhaps the BBS was not
ufficiently challenging and therefore sensitive to changes in
his population.
Furthermore, the FSST was seen to correlate well with the
8W, with those who had faster F8W times also achieving
aster FSST times. The mean F8W time of 9.99 seconds and

o
a

 the Four Square Step Test (FSST) and Figure of 8 Walk Test (F8W). (B)

tep count of 15.8 was also similar to that shown in commu-
ity dwelling older adults (10.49 seconds and 17.51 steps),
ith a similar mean age of participants sampled [16]. How-

ver, the F8W only showed that one person was unable to
tay within the boundary of the test, which indicates a fail.
his is in contrast to the FSST, for which 21 people failed
re-operatively, leading to the conclusion that the FSST is
ore receptive to limitations in participants’ balance and gait

peed. Some may argue that these findings may demonstrate
hat the FSST is not suitable in this population due to the fail-
re rate in completing the test; however, the improvement of
ailure rate post-operatively to just four participants indicates
hat the test is measuring participants’ balance accurately and
iving a greater indication of improvement over the other
easures.
In the study cohort, only five participants performed the

SST with an aid pre-operatively, reducing to just three par-
icipants post-operatively. Given the relatively small number
f walking aid users, it remains difficult to draw conclusions
bout whether the use of a walking aid would impact on the
SST time.

The FSST is a valid and reliable measure compared with
he F8W and BBS. Furthermore, the challenging nature of the
SST highlights those participants who have poor balance or
ait speed, and can identify the potential causes such as poor

bstacle clearance or reduced motor planning. This provides

 clear advantage for the use of the FSST over the reference
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tandards, making it a more appealing and accurate measure
or use in the hip replacement population.

tudy  limitations

This study had some limitations which may influence how
he results are interpreted. Initially, 80 patients were recruited
o the baseline cohort; there was a relatively high dropout rate
f participants after the first assessment (16.25%), which,
lthough not outside the expected range for observational
tudies, when combined with the further 11.25% who were
nable to complete all three assessments reduced the study
ample to just 58 participants. This can significantly affect the
eneralizability of the findings given that those participants
ho were unable to complete the assessments usually differ

o other subjects in the sample. Furthermore, it may have been
f clinical interest to retest those subjects who were unable
o perform the FSST pre-operatively after their THR to see if
here were any improvements in their ability to perform the
est.

There was also a large variation in time between the first
nd second assessments, and the second and third assess-
ents. The unpredictability of surgery dates and fitting

round participant schedules meant that it was not possi-
le to see each patient at the same 3-week time point. This
esulted in some patients being seen much sooner for the
etest than others, and may have affected the intra-rater relia-
ility findings. The shorter time period for retesting between
he second and third assessments also makes it difficult to
onclude that there were no learning or fatigue effects from
he inter-rater and postoperative intra-rater reliability. In addi-
ion, the results may not be generalizable to current clinical
ractice where testing intervals will typically be longer.

Finally, the purpose of this study was not to assess the pre-
ictive value of the FSST in measuring the risk of falls, nor
as it to assess the responsiveness of the FSST to change.
urther studies could look to provide information about the
ut-off scores for risk of falls in this population, and the
inimum clinically important difference so that the test can

ffectively be used as a measure both before and after THR.

onclusions

The FSST is a valid and reliable measure of multi-
irectional stepping speed and balance giving a measure of
ait performance that is feasible for use in a clinical pop-
lation of patients both before and after THR. The FSST
rovides more informative and clinically useful data on
alance and mobility compared with the F8W and BBS.
he study is limited in generalizing the pre-THR inter-

ater and post-THR intra-rater reliability findings due to the

horter timing interval between measurements which may not
ccount for learning or fatigue effects, nor reflect the current
ractice of retesting periods. Further research needs to be
onducted to assess the predictive validity of the test in this

[

erapy 105 (2019) 244–253

opulation, and its responsiveness to change if it is to provide
eaningful outcomes of a participant’s physical function and

isk of falls.
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