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Abstract

Objective To determine the reliability and validity of the Figure of 8 Walk test (FSW) for older people after knee replacement surgery in the
home setting.

Design Observational repeated measures.

Setting A specialist orthopaedic hospital and participants homes.

Participants Seventy-four older adults aged over 55 years one year following knee replacement surgery participated in two assessments
more than one week apart.

Main Outcome Measure The time to complete, steps, boundary limits and smoothness score from the Figure of 8 Walk test (F8W), the time
to complete the Timed Up and Go (TUG) test and the time to complete the Timed Walk Test (TWT).

Results Overall, on 95% of occasions, the difference between the measurements for intra-rater reliability were within 1.8 second of the two
test times. The difference between the measurements for inter-rater reliability were found to be narrower than for intra-rater reliability with
scores 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
sample 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
sample r=0.834) with a narrow limit of variability on almost all of the observations (—1.16 to 1.16 z-scores).

Conclusions The F8W test has good reliability and validity when used in either a clinical or home setting for patients around one year
following knee replacement surgery.

© 2018 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Introduction

In recent years the demand for community rehabilitation
has increased which has been caused by the need to reduce
hospital length of stay as prolonged periods of admission are
known to contribute to poorer mobility and balance. Further-
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more there are some political factors driving the need for
community rehabilitation including a reduction on depen-
dence and care costs [1] and a need to move from a reactive
model of healthcare to a more proactive one [2]. In order to
evaluate effectiveness of community rehabilitation, outcome
measures need to be able to accurately portray any changes
in mobility.

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

One measure that does recognise the multidirectional and
adaptive requirements of gait is the Figure of 8 Walk (F8W)
test. The F8W has been developed to measure both straight
and curved path walking in clockwise and counter-clockwise
directions [4]. However, current studies have only validated
the measure in controlled conditions i.e. with smooth floors,
well-lit and quiet surroundings. There is therefore the need
to validate the measure in the community where it could be
used as a gauge for life space mobility.

One group in which the F8W may be a useful tool to mea-
sure balance and mobility is older people who have undergone
knee replacement surgery due to osteoarthritis (OA). It is rec-
ommended that older people reporting a fall or considered at
risk of falling should be observed for balance and gait deficits
so that their ability to benefit from interventions to improve
their balance and strength can be gauged [5]. This population
of patients are particularly at risk of falls as 15% of people
report a poor outcome following knee replacement surgery
due to continuing pain, mobility problems and impaired bal-
ance [6,7]. Furthermore it is known that this population has
reduced gait speed, endurance and function [8]. The F§W
may therefore be a useful outcome measure to use in this
population to assess mobility problems, highlight those at
risk of falls and monitor interventions.

For this study the F8W will be validated against two other
outcome measures commonly used in clinical practice, the
Timed Up and Go (TUG) and the Short Physical Performance
Battery (SPPB). The TUG includes a single turn around
a curve and performance time has been shown to increase
significantly with mobility impairments [9]. Furthermore,
although the TUG has been investigated in a home setting
[10], feedback from community physical therapists suggests
performing the TUG is not always feasible due to space con-
straints in patients’ homes. The SPPB includes a Timed Walk
Test (TWT) component which provides a measure of depen-
dence and mobility for the elderly [11,12]. However, it only
assesses straight path walking and it is not routinely used in
the home environment.

The objectives of this study were to examine both the inter-
rater and intra-rater (test—retest) reliability of the FSW in both
clinical and home settings and to explore its validity by com-
paring its agreement with the TUG and the TWT component
of the SPPB in older people who were 12 months post knee
replacement surgery.

Methods

Participants

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

undergone a primary knee replacement due to OA, were
one-year post surgery and were over the age of 55. Indi-
viduals were not eligible if they were found to have severe
cardiovascular or pulmonary disease, severe dementia or
communication difficulties, Rheumatoid Arthritis or a neu-
rological condition that would affect their ability to take part
in the walking tests or were due to have further planned
physiotherapy or surgical treatment within the next 4 weeks.
We enrolled a consecutive series of participants onto the
study. Ethical approval was obtained for the study (reference:
15/SW/0138), and all participants were informed about the
purpose and procedures of the study and gave their written
consent.

Measures

The outcome measures were undertaken following stan-
dardised protocols. Background information was collected
about an individual’s relevant medical history and physical
characteristics. Participants also completed the Oxford Knee
Score (OKS), which is a brief 12-item questionnaire that
measures patient reported outcomes of knee function to pro-
vide a picture of the severity and functional impact of their
symptoms [13].

Figure of 8 Walk test

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

Timed Up and Go

Participants were instructed to begin the test sitting upright
with their hands resting beside them in a standard height chair
with armrests. They were then asked to stand up from the chair
using the armrests if required, walk 3m at a comfortable
speed, turn around a cone, then return to the chair and sit
down. Timing began when the assessor said “Go” and stopped
at first contact with the seat of the chair. The time taken to
complete the test was recorded in seconds using a stopwatch.
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Fig. 1. Figure of 8 Walk test set up. Arrows indicate direction of walking
pattern.

Timed Walk Test

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

Procedures

The F8W was conducted a total of three times over two
separate visits. Half of the participants had their assessments
in their own home and half at the orthopaedic hospital. Block
randomisation (in blocks of four) was performed for the
testing sequence of each outcome measure using a random
numbers table to generate a randomization list based on a 0-9
sequence [14]. The sequence was concealed in sequentially
numbered, sealed, opaque envelopes and given to consecu-
tive participants. At the initial assessment all three outcome
measures were completed and carried out in a varied order.

To establish inter-rater reliability, a second assessment was
conducted by two separate assessors; assessor A, who carried
out the initial assessment, and a second assessor (assessor
B). Both assessor A and assessor B carried out the FSW one
time and allowed the patient a 1-minute rest in between the
tests. Both assessors were blinded to each other’s result. The

second assessment was scheduled 7-21 days after the first
assessment in order to minimise learning effects.

Statistical analysis

Descriptive statistics were used to characterize the study
population. Means and standard deviations were calculated
for continuous variables; frequencies and percentages for
categorical or binary variables. Outcome variables were sum-
marised by assessment setting.

Intra-rater and inter-rater variation were assessed using
Bland and Altman’s method of assessing reliability. Agree-
ment between the FSW and the other measures of mobility
was also investigated through production of Pearson correla-
tion coefficients and graphically by comparing the time taken
to complete the test (TTCT). Itis expected in a reliable assess-
ment that the mean difference between measures will be close
to zero and the limits of agreement, which contain approxi-
mately 95% of the individual differences (2SDs), should be
narrow. To account for the different distances walked in each
of the three tests z-scores were created to allow the correlation
between the TTCT to be calculated.

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

Results

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

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

The difference between the measurements for inter-rater
reliability were found to be narrower than for intra-rater
reliability with scores within 1.2 second overall on 95% of
occasions. This difference was found to be the same when
the assessment was in the participants home (1.2 second) and
slightly higher when in the clinic (1.3 second) (Fig. 3D-F).

The F8W and TUG times were highly correlated for the
overall sample (r=0.921) and subgroups: Home (r=0.945)
and Clinic (r=0.911). The TTCTs for the F8W and TWT
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Fig. 2. Flow of participants throughout study procedures.
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Table 1
Characteristics of participants.
n Mean (SD)
Age (years) 74 70.3 (7.4)
BMI (kg/m?) 74 31.3(54)
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)* T4 12.8 (4.9)
Oxford Knee Score (OKS)? 71 39.8 (7.1)
n %

BMI (kg/m?)

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

2 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 7.52.2)
Figure of 8 Steps 37 13.0 (2.2) 37 13.5(2.9)
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Fig. 3. Bland & Altman plots of Figure of 8 Walk test showing intra-rater agreement for assessor A at assessment 1 and 2 (ABC) and inter-rater agreement for

assessors A and B at assessment 2 (DEF).

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

The Bland and Altman plots confirm these initial find-
ings and show that the FSW and TUG TTCT had a mean
difference of approximately zero, fairly constant variability
and almost all scores spread within the narrow limits of agree-
ment (—0.8 to 0.8 z-scores). The same was true for agreement
between the FSW and TWT TCTTs with the mean difference
close to zero, constant variability and fairly narrow limits of
agreement (—1.16 to 1.16 z-scores) (see Fig. 4).

Finally, all parameters of the FSW were examined to
assess any differences in the number of steps, ability
to stay within 0.6m boundary and smoothness ratings.
There were comparable performances between groups
at Home and in Clinic and for both assessors A and
B. While there was complete agreement on the 62
patients who scored 3 on the smoothness score, there was
disagreement between the two raters on the determina-

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

Discussion

We chose to investigate the impact of two different test
setting, as the majority of research trials report using tests
of walking performance exclusively in the clinical setting.
Walking within the participants’ own homes is a better reflec-
tion of their true walking ability and a better predictor of
performance and falls risk since it is within the participants’
own environment. We have confirmed that the good reliabil-
ity and validity of the F8W reported in a standardized clinical
setting is retained when the test is performed in participants’
own 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 physiotherapy clinic respectively; no exclusion of outliers (n="74, 37 and 37,
respectively). Plots D, E and F are z-scores from overall sample, patients’ home and physiotherapy clinic respectively; no exclusion of outliers (n =74, 37 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
2 6 8.11
3 62 83.78

We have also shown that the F8W is a reliable and valid
assessment of walking skill in older people who have had
a knee replacement within the last 820 months. The FW8

demonstrated good test—retest reliability and good inter-rater
reliability, producing measurements with small inter-rater
and intra-rater variability and strong ICCs. The time to com-
plete the FSW was shown to be highly correlated with TTCT
from the other mobility assessments and when standardized
for different distances walked in each test, a high level of
agreement was seen between the F§W, TUG and the TWT.

The study was conducted on a population of patients
over the age of 55 who had undergone knee replacement
surgery. While the primary purpose of knee replacement
is reduction in pain and improved physical function, it is
known that around 15% of patients do not report a good out-
come from their knee replacement and have continuing pain
and mobility problems with impaired balance and decreased
walking speed [15—17]. Data from North America indicates
that a third of patients report poor patient satisfaction with
rehabilitation after knee replacement [18] and systematic
reviews have identified that exercise programmes designed
to improve function after a knee replacement only result in
minor improvements in walking [19,20]. There is agreement
that walking is an important outcome after knee replacement
as walking speed has been reported to be up to 22% reduced
in age-matched men with total knee replacement compared
with healthy controls and 17% failed to walk fast enough to
cross traffic, walking at less than 1.2 m/second [21].

We reported a quicker mean test time for the F&8W
(8.24 seconds home or 8.01 seconds clinic) when compared
to other studies looking at community dwelling older adults
with mobility problems: 10.49 seconds [4] and 8.8 seconds
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[22]. However our mean age of participants was younger than
those recruited in both studies with each reporting below aver-
age gait speed times for individuals of this age group [23].
Our mean F8W times were more comparable with Welch
et al. [24] who reported times of 7.9 seconds for non-fallers
and 8.4 seconds for fallers.

The F8W has been shown to pick up subtle changes in
walking skill, such as an increase in hesitancy with shorter
steps whilst turning about a curve, where other tests of straight
path walking have not [4]. This is important as slight changes
in gait pattern during daily life, such as stride frequency and
length, have been linked with an increased risk of falls [25].
Welch et al. [24] reported that poorer performance of F8W
by 1 second was associated with an 8% greater rate of self-
reported falls in the previous year.

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

Although we have concentrated our primary analyses to
TTCT, the F8W test has three other components. Our results
differed from those of Hess ef al. [4] as we report a varia-
tion in the smoothness score component between raters with
differences in interpretation for the three components of hes-
itancy, stopping and changing pace. Additionally, we also
found that the F8W exposed minor walking difficulties that
were not apparent on straight line walking, with shorter steps
and hesitancy on rounding the cones and a slower pace after
direction changes.

We chose to analyse the accuracy of participants, i.e. the
ability to stay within the unmarked boundary. For those par-
ticipants who used a walking stick the accuracy was marked
if their feet stayed within the 0.6 m boundary while the stick
could stray from this boundary without incurring a fail. How-
ever, Hess et al. [4] chose not to report accuracy as they found
no participants stepped outside the 0.6 m boundary, they felt
it did not discriminate performance and that the number of
steps taken to complete the F8W would act as a proxy mea-
sure of accuracy. Although this may have been the case for the
sample of community dwelling elders that they tested, in our
clinical sample with known lower limb deficits in strength and
proprioception there was a minority who could not complete
the test within the imposed limits of accuracy (see Table 3).
We do not share this view that the number of steps alone
will report accuracy as shorter stride lengths will increase
the number of steps taken yet the participant may still be
within the 0.6 m boundary, where the opposite may be true
for larger stride lengths. Therefore the number of steps taken
may not necessarily account for a walking path outside of the
0.6 m exclusion zone and this should be taken into account
during the final analysis.

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

is closely linked to central cognitive-behavioural attributes
such as cognitive processing speed which in turn is linked
to falls and fall related injuries. By only reporting time to
complete the F8W, essential higher level aspects of gait in
an elderly population may have been overlooked with undue
emphasis placed on cognitive processing speed and less on
overall stability and susceptibility to falling. Thus inclusion
of the accuracy component of the FSW may be more impor-
tant for populations with more frailty and may have clinical
relevance particularly in identifying subtle problems with
performance, for example during dual activities where the
additional challenge of balancing speed with accuracy may
bring out performance deficits [27].

Study limitations

To reduce the burden and time commitment for study par-
ticipant’s different groups of participants were assessed either
at home or in clinic. To make inferences on the agreement of
assessments conducted at different settings, ideally the same
group of individuals should have been tested in each setting.
However, the close limits of agreement from our results indi-
cates that the F8W is a suitable test to conduct in patients’
homes. It also allows us to hypothesise that a good level of
agreement could be expected between measures taken in the
home or clinical setting in any future FSW studies.

In addition, our sample consisted of 74 volunteers, mobile
and healthy enough to complete all three outcome assess-
ments at least 1year after knee replacement surgery. It is
reasonable to assume that results could be different for indi-
viduals performing the tests in a more acute situation, for
example those immediately post joint replacement surgery
or with multiple co-morbidities. These acute situations are
also more likely to require the participant to use a walking
aid which may alter gait patterns and speed of scoring during
the FSW. As we only recruited two participants who used a
stick throughout the testing, we were unable to draw conclu-
sions as to whether the use of a walking aid would affect the
F8W scoring.

Finally, it was not the purpose of this study to assess the
responsiveness of the FW8 and further work is needed to
determine whether the test is sensitive to change and to pro-
vide information about the minimally clinically important
difference so that it could be effectively used throughout the
rehabilitation process.

Conclusions

In a population of older people after knee replacement the
F8W was a reliable and valid measure of walking ability irre-
spective of whether it was conducted in the home or clinical
setting. The inclusion of the accuracy and smoothness com-
ponents of the score is important, potentially giving an early
sign of subtle functional deficits that may be linked to cog-
nitive impairments. Additionally, the F8W exposed minor
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Key messages

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

e The F8W exposed minor walking difficulties such as
stride length and pace that were not apparent with the
TUG and TWT making it a more useful measure of
functional performance for this population.

walking difficulties that were not apparent with the TUG
and TWT including shorter steps, hesitancy on rounding the
cones and a slower pace after direction changes. This makes
it a more useful measure of functional performance for this
population.
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