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The reliability and validity of the Figure of 8 Walk test in
older people with knee replacement: does the setting have an

impact?�
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bstract

bjective  To determine the reliability and validity of the Figure of 8 Walk test (F8W) for older people after knee replacement surgery in the
ome setting.
esign  Observational repeated measures.
etting  A specialist orthopaedic hospital and participants homes.
articipants  Seventy-four older adults aged over 55 years one year following knee replacement surgery participated in two assessments
ore than one week apart.
ain  Outcome  Measure  The time to complete, steps, boundary limits and smoothness score from the Figure of 8 Walk test (F8W), the time

o complete the Timed Up and Go (TUG) test and the time to complete the Timed Walk Test (TWT).
esults  Overall, on 95% of occasions, the difference between the measurements for intra-rater reliability were within 1.8 second of the two

est times. The difference between the measurements for inter-rater reliability were found to be narrower than for intra-rater reliability with
cores within 1.2 second overall on 95% of occasions. The time to perform the F8W was highly correlated to the Timed Up and Go (overall
ample r = 0.921) and the variability spread within narrow limits (−0.8 to 0.8 z-scores). This was also true for the Timed Walk Test (overall
ample r = 0.834) with a narrow limit of variability on almost all of the observations (−1.16 to 1.16 z-scores).

onclusions  The F8W test has good reliability and validity when used in either a clinical or home setting for patients around one year

ollowing knee replacement surgery.
 2018 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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ntroduction

In recent years the demand for community rehabilitation

as increased which has been caused by the need to reduce
ospital length of stay as prolonged periods of admission are
nown to contribute to poorer mobility and balance. Further-
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 and reproducibility of results

ore there are some political factors driving the need for
ommunity rehabilitation including a reduction on depen-
ence and care costs [1] and a need to move from a reactive
odel of healthcare to a more proactive one [2]. In order to

valuate effectiveness of community rehabilitation, outcome
easures need to be able to accurately portray any changes

n mobility.
Despite this, most current measures of balance and gait are
onducted in well lit, uncluttered and straight level or single
urve paths which do not reflect the reality of mobility in the
ommunity. We know that mobilising in a community set-
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ing requires us to constantly adapt our balance and walking
atterns to avoid obstacles, change direction and carry loads
3]. These measures will not therefore provide an accurate
easure of functional mobility required to navigate in the

ommunity.
One measure that does recognise the multidirectional and

daptive requirements of gait is the Figure of 8 Walk (F8W)
est. The F8W has been developed to measure both straight
nd curved path walking in clockwise and counter-clockwise
irections [4]. However, current studies have only validated
he measure in controlled conditions i.e. with smooth floors,
ell-lit and quiet surroundings. There is therefore the need

o validate the measure in the community where it could be
sed as a gauge for life space mobility.

One group in which the F8W may be a useful tool to mea-
ure balance and mobility is older people who have undergone
nee replacement surgery due to osteoarthritis (OA). It is rec-
mmended that older people reporting a fall or considered at
isk of falling should be observed for balance and gait deficits
o that their ability to benefit from interventions to improve
heir balance and strength can be gauged [5]. This population
f patients are particularly at risk of falls as 15% of people
eport a poor outcome following knee replacement surgery
ue to continuing pain, mobility problems and impaired bal-
nce [6,7]. Furthermore it is known that this population has
educed gait speed, endurance and function [8]. The F8W
ay therefore be a useful outcome measure to use in this

opulation to assess mobility problems, highlight those at
isk of falls and monitor interventions.

For this study the F8W will be validated against two other
utcome measures commonly used in clinical practice, the
imed Up and Go (TUG) and the Short Physical Performance
attery (SPPB). The TUG includes a single turn around

 curve and performance time has been shown to increase
ignificantly with mobility impairments [9]. Furthermore,
lthough the TUG has been investigated in a home setting
10], feedback from community physical therapists suggests
erforming the TUG is not always feasible due to space con-
traints in patients’ homes. The SPPB includes a Timed Walk
est (TWT) component which provides a measure of depen-
ence and mobility for the elderly [11,12]. However, it only
ssesses straight path walking and it is not routinely used in
he home environment.

The objectives of this study were to examine both the inter-
ater and intra-rater (test–retest) reliability of the F8W in both
linical and home settings and to explore its validity by com-
aring its agreement with the TUG and the TWT component
f the SPPB in older people who were 12 months post knee
eplacement surgery.

ethods
articipants

Eighty-two participants were recruited from a specialist
rthopaedic hospital. Individuals were eligible if they had

d
a
c
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ndergone a primary knee replacement due to OA, were
ne-year post surgery and were over the age of 55. Indi-
iduals were not eligible if they were found to have severe
ardiovascular or pulmonary disease, severe dementia or
ommunication difficulties, Rheumatoid Arthritis or a neu-
ological condition that would affect their ability to take part
n the walking tests or were due to have further planned
hysiotherapy or surgical treatment within the next 4 weeks.
e enrolled a consecutive series of participants onto the

tudy. Ethical approval was obtained for the study (reference:
5/SW/0138), and all participants were informed about the
urpose and procedures of the study and gave their written
onsent.

easures

The outcome measures were undertaken following stan-
ardised protocols. Background information was collected
bout an individual’s relevant medical history and physical
haracteristics. Participants also completed the Oxford Knee
core (OKS), which is a brief 12-item questionnaire that
easures patient reported outcomes of knee function to pro-

ide a picture of the severity and functional impact of their
ymptoms [13].

igure  of  8  Walk  test

Participants were instructed to stand mid-way between
wo cones (1.52 m (5 ft) apart) and to face towards one of
he cones. An unmarked 0.6 m (2 ft) boundary around the
esting area was noted by the assessor to check for walk-
ng accuracy (see Fig. 1). Participants were asked to walk
t a comfortable, self-selected speed and direction follow-
ng a Figure of 8 walking path around the cones, stopping
hen they had returned to their starting positon. The timer
egan when the participant moved to take their first step and
he timer stopped once both feet were back at the starting
osition. The time and number of steps taken were recorded.
he assessor noted whether the participant kept within the
nmarked 0.6 m boundary and also rated the participant on a
hree-item walking smoothness score.

imed  Up  and  Go

Participants were instructed to begin the test sitting upright
ith their hands resting beside them in a standard height chair
ith armrests. They were then asked to stand up from the chair
sing the armrests if required, walk 3 m at a comfortable
peed, turn around a cone, then return to the chair and sit

own. Timing began when the assessor said “Go” and stopped
t first contact with the seat of the chair. The time taken to
omplete the test was recorded in seconds using a stopwatch.
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slightly higher when in the clinic (1.3 second) (Fig. 3D–F).
ig. 1. Figure of 8 Walk test set up. Arrows indicate direction of walking
attern.

imed  Walk  Test

The participant was asked to walk at their usual pace a
istance of 2.44 m (8 ft) and stop. The test was then repeated
gain and the time it took to complete each test was recorded
n seconds using a stopwatch.

rocedures
The F8W was conducted a total of three times over two

eparate visits. Half of the participants had their assessments
n their own home and half at the orthopaedic hospital. Block
andomisation (in blocks of four) was performed for the
esting sequence of each outcome measure using a random
umbers table to generate a randomization list based on a 0–9
equence [14]. The sequence was concealed in sequentially
umbered, sealed, opaque envelopes and given to consecu-
ive participants. At the initial assessment all three outcome

easures were completed and carried out in a varied order.
To establish inter-rater reliability, a second assessment was

onducted by two separate assessors; assessor A, who carried
ut the initial assessment, and a second assessor (assessor

). Both assessor A and assessor B carried out the F8W one

ime and allowed the patient a 1-minute rest in between the
ests. Both assessors were blinded to each other’s result. The

o
a
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econd assessment was scheduled 7–21 days after the first
ssessment in order to minimise learning effects.

tatistical  analysis
Descriptive statistics were used to characterize the study

opulation. Means and standard deviations were calculated
or continuous variables; frequencies and percentages for
ategorical or binary variables. Outcome variables were sum-
arised by assessment setting.
Intra-rater and inter-rater variation were assessed using

land and Altman’s method of assessing reliability. Agree-
ent between the F8W and the other measures of mobility
as also investigated through production of Pearson correla-

ion coefficients and graphically by comparing the time taken
o complete the test (TTCT). It is expected in a reliable assess-

ent that the mean difference between measures will be close
o zero and the limits of agreement, which contain approxi-

ately 95% of the individual differences (2SDs), should be
arrow. To account for the different distances walked in each
f the three tests z-scores were created to allow the correlation
etween the TTCT to be calculated.

In order to determine whether the assessment setting con-
ributed to any variability in the TTCT; Bland and Altman
lots were produced for the overall sample and subgroups
Home and Clinic).

esults

From the initial 82 participants recruited, data sets for
4 participants were available and included in the analysis
Fig. 2). Participant details are reported in Table 1. On aver-
ge, participants were assessed 15 months (SD 1.9) after their
nee surgery and had a twelve day (SD 4.9) interval between
heir first and second appointments (Table 1). Thirty-seven
50%) participants were assessed in each setting. The time to
omplete the F8W was similar when carried out in the home
8.2 second) and in clinic (8 second) at the initial assessment.
he same was true for the TUG (10.3 second at home and 10.2
t clinic) and the TWT (3.1 second at home and 3 second at
linic) (see Table 2).

Overall, on 95% of occasions, the difference between
he measurements for intra-rater reliability was within
.8 second. This difference was slightly higher when the
ssessment setting was in the participant’s home (1.9 second)
nd slightly smaller when the setting was in the physiotherapy
ym (1.6 second) (Fig. 3A–C).

The difference between the measurements for inter-rater
eliability were found to be narrower than for intra-rater
eliability with scores within 1.2 second overall on 95% of
ccasions. This difference was found to be the same when
he assessment was in the participants home (1.2 second) and
The F8W and TUG times were highly correlated for the
verall sample (r = 0.921) and subgroups: Home (r = 0.945)
nd Clinic (r = 0.911). The TTCTs for the F8W and TWT
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Fig. 2. Flow of participants throughout study procedures.

Table 1
Characteristics of participants.

n Mean (SD)

Age (years) 74 70.3 (7.4)
BMI (kg/m2) 74 31.3 (5.4)
Number of previous surgeries to lower limbs 74 0.9 (0.9)
Time between surgery and assessment (months) 74 15.1 (1.9)
Time between assessments (days)a 74 12.8 (4.9)
Oxford Knee Score (OKS)b 71 39.8 (7.1)

n %

BMI (kg/m2)
Normal weight (18.00–24.99) 7 9
Overweight (25.00–29.99) 28 38
Obese (30 or more) 39 53

Surgery type
Total knee replacement 40 54
Uni-compartmental knee replacement 34 46

Other musculoskeletal conditions
No 43 58
Yes 31 42

a Time between assessments refers to the day when the first assessment was conducted by assessor A and the day when the second (assessor A) and third
(assessor B) assessments were conducted.

b Excludes three participants because of incomplete OKS forms (missing data).
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Table 2
Outcomes summary by Assessment setting.

Participants’ home Physiotherapy clinic

n Mean (SD) n Mean (SD)

First assessment (only assessor A)
Figure of 8 Time (seconds) 37 8.2 (2.5) 37 8.0 (2.2)
Figure of 8 steps 37 13.7 (2.3) 37 13.8 (3.0)
Time to Up and Go (seconds) 37 10.3 (3.3) 37 10.2 (3.6)
Timed Walking Test 1 (seconds) 37 3.1 (1.0) 37 3.0 (0.7)
Timed Walking Test 2 (seconds) 37 3.1 (1.0) 37 3.1 (0.8)

Second assessment
Assessor A

Figure of 8 Time (seconds) 37 7.8 (2.3) 37 7.7 (2.2)
Figure of 8 Steps 37 13.3 (2.2) 37 13.6 (3.0)

Assessor B
Figure of 8 Time (seconds) 37 7.4 (2.3) 37 7.5 (2.2)
Figure of 8 Steps 37 13.0 (2.2) 37 13.5 (2.9)
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ig. 3. Bland & Altman plots of Figure of 8 Walk test showing intra-rater ag
ssessors A and B at assessment 2 (DEF).

ere also highly correlated for the overall sample (r = 0.834)
nd subgroups, Home (r = 0.864) and Clinic (r = 0.793).

The Bland and Altman plots confirm these initial find-
ngs and show that the F8W and TUG TTCT had a mean
ifference of approximately zero, fairly constant variability
nd almost all scores spread within the narrow limits of agree-
ent (−0.8 to 0.8 z-scores). The same was true for agreement

etween the F8W and TWT TCTTs with the mean difference
lose to zero, constant variability and fairly narrow limits of
greement (−1.16 to 1.16 z-scores) (see Fig. 4).

Finally, all parameters of the F8W were examined to
ssess any differences in the number of steps, ability
o stay within 0.6 m boundary and smoothness ratings.
here were comparable performances between groups
t Home and in Clinic and for both assessors A and

. While there was complete agreement on the 62
atients who scored 3 on the smoothness score, there was
isagreement between the two raters on the determina-

o
i
s
o

t for assessor A at assessment 1 and 2 (ABC) and inter-rater agreement for

ion of scores 1 or 2 for 12 participants. Additionally,
here was disagreement about whether four of the par-
icipants had strayed outside of the 0.6 m boundary
Table 3).

iscussion

We chose to investigate the impact of two different test
etting, as the majority of research trials report using tests
f walking performance exclusively in the clinical setting.
alking within the participants’ own homes is a better reflec-

ion of their true walking ability and a better predictor of
erformance and falls risk since it is within the participants’

wn environment. We have confirmed that the good reliabil-
ty and validity of the F8W reported in a standardized clinical
etting is retained when the test is performed in participants’
wn homes.
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Fig. 4. Bland and Altman plots showing limits of agreement (mean SD 2) for the Figure of 8 Walk test and Time to Up and Go times (plots ABC) and for the
Figure of 8 Walk test vs Timed Walk Test time (DEF).
Note: Plots A, B and C are z-scores from overall sample, patients’ home and phy
respectively). Plots D, E and F are z-scores from overall sample, patients’ home and
37; respectively).

Table 3
Figure of 8 Walk test components summary.

Number% total

Accuracy—stayed within the 0.6 m surrounding the cones
First assessment

No – –
Yes 74 100.

Second assessment; assessor A
No 1 1.35
Yes 73 98.65

Second assessment; assessor B
No 5 6.76
Yes 69 93.24

Smoothness score
First assessment

0 2 2.70
1 6 8.11
2 12 16.22
3 54 72.97

Second assessment; assessor A
0 1 1.35
1 4 5.41
2 7 9.46
3 62 83.78

Second assessment; assessor B
0 – –
1 6 8.11
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We reported a quicker mean test time for the F8W
2 6 8.11
3 62 83.78
We have also shown that the F8W is a reliable and valid
ssessment of walking skill in older people who have had

 knee replacement within the last 8–20 months. The FW8

(
t
w

siotherapy clinic respectively; no exclusion of outliers (n = 74, 37 and 37;
 physiotherapy clinic respectively; no exclusion of outliers (n = 74, 37 and

emonstrated good test–retest reliability and good inter-rater
eliability, producing measurements with small inter-rater
nd intra-rater variability and strong ICCs. The time to com-
lete the F8W was shown to be highly correlated with TTCT
rom the other mobility assessments and when standardized
or different distances walked in each test, a high level of
greement was seen between the F8W, TUG and the TWT.

The study was conducted on a population of patients
ver the age of 55 who had undergone knee replacement
urgery. While the primary purpose of knee replacement
s reduction in pain and improved physical function, it is
nown that around 15% of patients do not report a good out-
ome from their knee replacement and have continuing pain
nd mobility problems with impaired balance and decreased
alking speed [15–17]. Data from North America indicates

hat a third of patients report poor patient satisfaction with
ehabilitation after knee replacement [18] and systematic
eviews have identified that exercise programmes designed
o improve function after a knee replacement only result in
inor improvements in walking [19,20]. There is agreement

hat walking is an important outcome after knee replacement
s walking speed has been reported to be up to 22% reduced
n age-matched men with total knee replacement compared
ith healthy controls and 17% failed to walk fast enough to

ross traffic, walking at less than 1.2 m/second [21].
8.24 seconds home or 8.01 seconds clinic) when compared
o other studies looking at community dwelling older adults
ith mobility problems: 10.49 seconds [4] and 8.8 seconds
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22]. However our mean age of participants was younger than
hose recruited in both studies with each reporting below aver-
ge gait speed times for individuals of this age group [23].
ur mean F8W times were more comparable with Welch

t al. [24] who reported times of 7.9 seconds for non-fallers
nd 8.4 seconds for fallers.

The F8W has been shown to pick up subtle changes in
alking skill, such as an increase in hesitancy with shorter

teps whilst turning about a curve, where other tests of straight
ath walking have not [4]. This is important as slight changes
n gait pattern during daily life, such as stride frequency and
ength, have been linked with an increased risk of falls [25].

elch et  al. [24] reported that poorer performance of F8W
y 1 second was associated with an 8% greater rate of self-
eported falls in the previous year.

Other authors have shown the F8W to be a reliable and
alid measure of gait performance in community dwelling
lder adults and stroke participants [4,22,24,26]. However
ome of these studies failed to recruit an adequate sample size
26] or did not include all components of the F8W scoring
ystem in the final analysis [4,22,24,26].

Although we have concentrated our primary analyses to
TCT, the F8W test has three other components. Our results
iffered from those of Hess et  al. [4] as we report a varia-
ion in the smoothness score component between raters with
ifferences in interpretation for the three components of hes-
tancy, stopping and changing pace. Additionally, we also
ound that the F8W exposed minor walking difficulties that
ere not apparent on straight line walking, with shorter steps

nd hesitancy on rounding the cones and a slower pace after
irection changes.

We chose to analyse the accuracy of participants, i.e. the
bility to stay within the unmarked boundary. For those par-
icipants who used a walking stick the accuracy was marked
f their feet stayed within the 0.6 m boundary while the stick
ould stray from this boundary without incurring a fail. How-
ver, Hess et  al. [4] chose not to report accuracy as they found
o participants stepped outside the 0.6 m boundary, they felt
t did not discriminate performance and that the number of
teps taken to complete the F8W would act as a proxy mea-
ure of accuracy. Although this may have been the case for the
ample of community dwelling elders that they tested, in our
linical sample with known lower limb deficits in strength and
roprioception there was a minority who could not complete
he test within the imposed limits of accuracy (see Table 3).

e do not share this view that the number of steps alone
ill report accuracy as shorter stride lengths will increase

he number of steps taken yet the participant may still be
ithin the 0.6 m boundary, where the opposite may be true

or larger stride lengths. Therefore the number of steps taken
ay not necessarily account for a walking path outside of the

.6 m exclusion zone and this should be taken into account

uring the final analysis.

Odonkor et  al. [22] also did not evaluate the accuracy com-
onent of the F8W. They suggest that navigation of a curved
ath is more cognitively demanding and suggest the F8W

s
p
s
n

apy 105 (2019) 76–83

s closely linked to central cognitive-behavioural attributes
uch as cognitive processing speed which in turn is linked
o falls and fall related injuries. By only reporting time to
omplete the F8W, essential higher level aspects of gait in
n elderly population may have been overlooked with undue
mphasis placed on cognitive processing speed and less on
verall stability and susceptibility to falling. Thus inclusion
f the accuracy component of the F8W may be more impor-
ant for populations with more frailty and may have clinical
elevance particularly in identifying subtle problems with
erformance, for example during dual activities where the
dditional challenge of balancing speed with accuracy may
ring out performance deficits [27].

tudy  limitations

To reduce the burden and time commitment for study par-
icipant’s different groups of participants were assessed either
t home or in clinic. To make inferences on the agreement of
ssessments conducted at different settings, ideally the same
roup of individuals should have been tested in each setting.
owever, the close limits of agreement from our results indi-

ates that the F8W is a suitable test to conduct in patients’
omes. It also allows us to hypothesise that a good level of
greement could be expected between measures taken in the
ome or clinical setting in any future F8W studies.

In addition, our sample consisted of 74 volunteers, mobile
nd healthy enough to complete all three outcome assess-
ents at least 1 year after knee replacement surgery. It is

easonable to assume that results could be different for indi-
iduals performing the tests in a more acute situation, for
xample those immediately post joint replacement surgery
r with multiple co-morbidities. These acute situations are
lso more likely to require the participant to use a walking
id which may alter gait patterns and speed of scoring during
he F8W. As we only recruited two participants who used a
tick throughout the testing, we were unable to draw conclu-
ions as to whether the use of a walking aid would affect the
8W scoring.

Finally, it was not the purpose of this study to assess the
esponsiveness of the FW8 and further work is needed to
etermine whether the test is sensitive to change and to pro-
ide information about the minimally clinically important
ifference so that it could be effectively used throughout the
ehabilitation process.

onclusions

In a population of older people after knee replacement the
8W was a reliable and valid measure of walking ability irre-
pective of whether it was conducted in the home or clinical

etting. The inclusion of the accuracy and smoothness com-
onents of the score is important, potentially giving an early
ign of subtle functional deficits that may be linked to cog-
itive impairments. Additionally, the F8W exposed minor
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Key  messages

• The F8W was a valid and reliable measure of walking
ability irrespective of whether it was conducted in the
home or clinical setting.

• The F8W exposed minor walking difficulties such as
stride length and pace that were not apparent with the
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Improving motor control in walking: a randomized clinical trial in
TUG and TWT making it a more useful measure of
functional performance for this population.

alking difficulties that were not apparent with the TUG
nd TWT including shorter steps, hesitancy on rounding the
ones and a slower pace after direction changes. This makes
t a more useful measure of functional performance for this
opulation.
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