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Short-term test-retest reliability of the 10-metre fast walk test
(10mFWT) and 6-minute walk test (6MWT) was evaluated in
31 ambulatory children with cerebral palsy (CP), with
subgroup analyses in Gross Motor Function Classification
System (GMFCS) Levels I (2=9), II (n=8), and III (n=14).
Sixteen females and 15 males participated, mean age 9 years
5 months (SD 3y 7mo, range 4y 3mo—18y 2mo). Twenty had
spastic diplegia, while the others had another form of CP.
Retest interval varied from 1 to 4 weeks (mean 10.6d [SD
6.4]). Intraclass correlation coefficients (ICCs) estimated
reliability. The 10mFWT ICC was 0.81 (95% confidence
interval [CI] 0.65-0.90) across participants, and >0.59 in
GMFCS subgroups (95% CI lower bound >0.01). The 6MWT
ICC was 0.98, and >0.90 in GMFCS subgroups (95% CI lower
bound >0.64). Bland—Altman plots indicated bias towards
higher 6MWT retest distances in GMFCS Level I. Minimum
detectable change (95% CI) was 61.9, 64.0, and 47.4m for the
6MWT within GMFCS Levels I, I, and III respectively. The
conclusion is that while the 10mFWT showed inadequate
test—retest reliability given its wide 95% CI, the 6MWT
demonstrated good to excellent reliability. Investigation of the
need for a practice walk when administering the 6MWT with
children in GMFCS Level I is recommended to establish their
fastest pace.

See end of paper for list of abbreviations.
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Cerebral palsy (CP) is a non-progressive motor impairment
caused by an irreversible insult to the nervous system. The
motor deficits have detrimental effects on speed,! distance
parameters,? and quality of gait. Consequently, children with
CP frequently engage in therapy directed at improving walk-
ing skills so they can participate more fully in activities of
daily living (ADL) and recreational activities.

The 10-metre fast walk test (10mFWT) and 6-minute walk
test (6MWT) have the potential to provide valuable clinical
information regarding gait abilities and outcomes in these
children. Both are safe, easy, and inexpensive to adminis-
ter.>% The 10mFWT, which represents the minimum distance
required for functional ambulation,> has demonstrated
excellent test-retest and interrater reliability in adults with
traumatic brain injury (TBI),># and high interrater reliability
with healthy participants.?

The 6MWT is a self-paced, submaximal test that assesses
functional capacity for walking a prolonged distance.®> It
may reflect exercise tolerance required for the performance
of ADL, and predict ability to walk in the community.4 Its
psychometric properties have been examined in various
populations.®17 Excellent test-retest reliability has been
observed among adults with TBI*'? and multiple sclerosis
(MS).! It has also been evaluated in healthy children,!? chil-
dren with juvenile idiopathic arthritis,'>'% and children
awaiting organ transplant!> with indication of psychometric
acceptability in these groups.

Despite the potential applicability of the 10mFWT and
OMWT for children with CB, to our knowledge, there are no
published reports on reliability with this group. Thus, the pri-
mary objective of this study was to estimate the test-retest relia-
bility of the 10mFWT and 6MWT in ambulatory school-aged
children with CP and within Gross Motor Function Class-
ification System (GMFCS) '8 subgroups (i.e. GMFCS Levels L, II,
and IIT). The secondary objective was to estimate the minimum
detectable change (MDC) in the total sample and subgroups.

Method

A longitudinal pilot study with a baseline and retest session
was conducted. The retest interval was 1 to 2 weeks, a period
during which changes in measures of walking speed and dis-
tance were not expected. A maximum 4-week retest interval
was allowed.

PARTICIPANTS

Participants met the following inclusion criteria: (1) diagnosis
of spastic CP; (2) between 4 and 18 years of age; (3) GMFCS
Levels I, II, or I1I as determined by their developmental pedia-
trician; (4) ability to walk independently without stopping for 6
minutes, with or without a walking aid; (5) ability to follow ver-
bal instructions in English; and (6) ability to cooperate for at
least 30 minutes as judged by their treating physiotherapist
(PT). The exclusion criteria were: (1) orthopaedic surgery
within the past 6 months; and (2) botulinum toxin type A
(BoNT-A) injections within the preceding 3 months. Part-
icipants were enrolled from a convenience sample of children
attending physiotherapy or an integrated education and thera-
py school program at our children’s treatment centre. Ethics
approval was granted from the University of Toronto and
Bloorview Kids Rehab (BKR). Written informed consent to par-
ticipate in the study was obtained from a legal guardian of each
participant, and written assent was also given by children over



7 years of age.

DATA COLLECTION

The investigative team comprised two PTs from BKR and five PT
students. The investigators paired themselves into six assessor
teams to provide a flexible testing schedule for families. In five
of the teams, the senior author (FVW) served as the PT doing
the timing. Whenever possible, the same assessor team evaluat-
ed a participant at both test sessions, and the assessor assumed
the same role. A separate data collection form was used for
each session to eliminate scoring bias from knowledge of prior
results. The type of gait aid, orthosis, and footwear worn at
each test session was recorded. Participants were reminded to
bring these for retesting. Assessors noted any testing issues
such as difficulty in understanding the instructions, loss of
focus during testing, need for additional encouragement, diffi-
culties with a walking device, as well as previous experience
performing the 6GMWT.

10MFWT

The start of the 10m course was demarcated with a tape line on
the floor in the mid-stretch of a 30m corridor. Participants posi-
tioned their toes behind the start line and were instructed to
walk at their fastest speed and continue down the corridor
until told to stop. The stop command was given approximately
5m past the finish line so that children would not decelerate
until after the 10m mark.? A vertical line taped on the adjacent
wall demarcated the finish line, as aline on the floor might have
encouraged children to alter their speed.

One assessor stood at the start line and instructed the
child to start walking when ready,®> and also encouraged
them to keep going as fast as possible. The other assessor
stood at the finish line opposite the wall marker and operat-
ed the digital stopwatch, recording the time taken to walk

10m (to the nearest tenth of a second). Timing began the
moment the participant initiated a step® and ended when the
leading foot crossed the finish line.

Participants were given a practice trial to ensure adequate
understanding of the instructions prior to performing two
timed trials. The assessor first demonstrated what a fast walk
and what a run looked like. If a child ran during the practice
test, they were called back and a second demonstration and
practice were performed to correct this. Two test trials were
then performed. Participants received a 1 to 5-minute seated
rest prior to the 6MWT, starting again when ready. The identi-
cal protocol, including practice test, was repeated at the
10mFWT retest.

GMWT

The walking course was set in a quiet, rectangular corridor
(20m x 45m) and marks were taped on the walls at 30m inter-
vals. Children were instructed to walk as many laps as possi-
ble in 6 minutes without running. A practice trial was not
given for this lengthy test because of concerns about the
impact of associated fatigue>!! on the subsequent test, and
in light of evidence* that a familiarization trial does not
enhance reliability.

One assessor walked just behind the participant to pro-
vide standardized encouragement every 30s (e.g. ‘great
work’ and ‘keep it up’) as recommended in the American
Thoracic Society (ATS) 6MWT guidelines.® The second asses-
sor walked approximately 1m behind the participant and
monitored the stopwatch. Timing began the moment the
participant initiated a step. At 6 minutes, the trailing PT
marked the participant’s finish point on the wall. The cumu-
lative distance to the nearest 30m mark was computed and
any remaining distance walked was measured to the nearest
centimetre. The same protocol was repeated at retest. When

Table I: Participant characteristics

All participants GMFCS Levels I, IT GMFCS Level IIT
(n=31) (n=17) (n=14
Sex
Male 15 8 7
Female 16 9 7
Age,y
4-6 8 4 4
7-10 10 7 3
11-14 9 4 5
15-18 4 2 2
Mean (SD) 9y 5mo (3y 7mo) 9y 2mo (3y 6mo) 9y 7mo (4y)
range 4y 3mo-18y 2mo 5y 3mo-18y 2mo 4y 3mo-16y 6mo
Diagnosis
Spastic diplegia 20 10 10
Spastic triplegia 2 1 1
Spastic quadriplegia 2 0 2
Hemiplegia 4 4 0
Other 3 2 1
Time between tests
<14d 26 12 14
>14d 5 5 0
Mean (SD) 10.6 (6.4) 12.2(7.9) 8.6 (2.5)
range 7.0-31.0 7.0-31.0 7.0-14.0

GMEFCS, Gross Motor Function Classification System.
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younger participants had difficulty understanding the con-
cept of walking continuously for 6 minutes, the assessors
provided a series of visual goals approximately 20m ahead of
the participant throughout the test. Each time a participant
passed a visual goal, a new goal was immediately targeted
20m further along.

STATISTICAL ANALYSIS

Analyses were conducted using the Statistical Package for
Social Sciences (SPSS) version 15.0. Intraclass correlation
coefficients (ICC; type 2:1)'? and associated 95% confidence
intervals (CI) estimated test-retest reliability. An ICC =0.80
reflects excellent reliability, while ICCs from 0.70 to 0.79
reflect good reliability.!® The recommended minimum for
the lower bound of the 95% CI is 0.85.2° The10mFWT ICCs
were computed using the second trial for both baseline and
retest as participants were expected to understand maximal-
ly the test requirements by then.

In connection with the ICC, standard error of measurement
(SEM) was computed such that SEM=SD, *(V1-ICC), where
SDb is the SD of baseline scores.?! The MDC of each measure
was calculated at a 95% CI to provide clinicians with informa-
tion to determine whether scores on repeat evaluation reflect
true change, where MDC95 (95% CI)=1 96 2%*SEM)."?

Paired -tests were used to determine differences between
GMECS levels within each test period and to assess changes
in scores from test to retest.?? p values were adjusted to 0.01
to handle multiple comparisons.!®

The Bland-Altman method?? evaluated measurement
bias. This method plots individual difference scores from test
and retest against the mean difference score. The coefficient
of variation (CV) and limits of agreement (LOA) were also

Table II: 10-metre fast walk test (s)

estimated. For the CV, the typical error was first calculated as
the SD of the test-retest difference scores such that method
error (ME)=SD;/v2. The CVy;=2ME/(X;-X,) X 100, where
X, and X, are the mean group scores for test and retest.!® The
arbitrarily chosen goal for a CV is 10% or below.?? The LOA
was calculated as the mean test-retest difference [d] +/-
(1.96 x SDg;).?* The difference between test and retest for
any individual should fall 95% of the time within the interval
between the estimated upper and lower limits.??

Analyses were completed with all participants and within
GMFCS Levels I, II, and III. ICCs were also computed for
each walk test for children with and without identified test-
ing issues, and then for subgroups defined by previous expe-
rience performing the 6MWT in therapy sessions.

Results

PARTICIPANT CHARACTERISTICS

Thirty-two participants were tested at baseline. One partici-
pant in GMFCS Level III did not return because of transporta-
tion issues; this child was not considered in the analysis. One
other participant (in GMFCS Level III) was able to complete the
10mFWT at each session but not the 6MWT because of difficul-
ties in focusing on the task. Table I presents participant charac-
teristics at baseline for the entire sample and by GMFCS level.
Twenty participants had spastic diplegic CB, while the others
had another form of CP. Participants’ ages varied from 4 years 3
months to 18 years 2 months (mean age 9y 5mo). The mean
ages of children in GMFCS Levels I, I, and IIl were comparable.
All but five participants were retested within the targeted 14-
day interval (mean interval 10.6d [SD 6.4]). Nine children were
reassessed by a team in which one of the two assessors was a
different person from baseline.

Baseline Retest
n Mean (SD) Range n Mean (SD) Range
All participants 31 11.4 (10.2) 4.4-57.9 31 9.9 (5.6) 4.4-31.7
GMFCS Level I 9 5.9 (1.0)%P 4.4-7.5 9 6.5 (0.7)°4 5.3-7.3
GMECS Level I 8 9.6 (2.8)* 6.9-15.1 8 8.7 (2.6)¢ 5.6-12.8
GMFCS Level 111 14 16.0(13.7)P 4.5-57.9 14 12.9 (7.2)¢ 4.4-31.7

abcdGjgnificant differences (p<0.015) between Gross Motor Function Classification System (GMFCS) levels are denoted for the respective
comparisons. Pairwise comparisons (p value adjusted to 0.01 for multiple comparisons) for differences between GMFCS levels, and between
test and retest scores. There was no difference for any of the test-retest comparisons within GMFCS levels although these were limited by study

power (maximum power <0.40).

Table III: Six-minute walk test (m)

Baseline Retest
n Mean (SD) Range n Mean (SD) Range
All participants 30 333.5 (144.8) 81.5-662.0 30 340.8 (155.0) 106.6-669.0
GMFCS Level 1 9 486.6 (84.4)*P 385.3-662.0 9 504.2 (102.1)cd 392.7-662.0
GMECS Level IT 8 312.9 (77.0)* 193.0-424. 7 8 296.9 (103.3)¢ 111.7-452.8
GMFCS Level 11T 13 240.2 (121.1)> 81.5-429.8 13 254.7 (124.8)4 106.6-451.0

abcd Sjgnificant differences (p<0.015) between Gross Motor Function Classification System (GMFCS) levels are denoted for the respective
comparisons. Pairwise comparisons (p value adjusted to 0.01 for multiple comparisons) for differences between GMFCS levels, and between
test and retest scores. There was no significant difference for any of the test-retest comparisons within GMFCS levels although these were

limited by study power (maximum power <0.30).
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10MFWT TEST—RETEST RELIABILITY

Mean walking times across all participants at baseline and
retest were 11.4s and 9.9s respectively (Table II); this differ-
ence was not significant (p=0.14). There was no significant
difference between test and retest within GMFCS levels
(Table II), although the power of all comparisons was less
than 0.40. The 10mFWT distinguished between children in
GMECS levels with baseline mean times varying from 5.9s in
Level1to 16s in Level I1I (»p<0.015; Table II).

The test-retest ICC across all participants was 0.81 (95%
CI 0.65-0.90) with an SEM of 4.4s and MDCys of 12.2s (Table
IV). GMFCS level ICCs are provided in Table IV. The ICC esti-
mates and lower bound of the 95% CI appeared slightly
lower when there were different assessors at retest com-
pared with use of the same assessor team, and among chil-
dren identified as having testing issues compared with those
with no testing issues (Table V).

The CVs were in the 16 to 40% range for all analyses (Table
IV) with the exception of children in GMFCS Level I for whom

Table IV: Test-retest reliability

the CV was 7.9%. Issues with LOA were most evident for
GMFCS Level I1I, in which an individual’s retest score could be
as much as 18.8s above or 12.2s below the initial value. This
wide interval is in line with the MDC of 17.7s in Level I11.

In the Bland-Altman plot (Fig. 1), there is weak evidence
of measurement bias such that those with slower walk times
at baseline, i.e. children in GMFCS Level III with baseline
scores above 15s, had faster walk times on retest. There is an
outlier associated with a child in Level ITI. This child had diffi-
culties with the test, and was the one who could not perform
the 6MWT. However, removing this outlier did not change
the ICC (i.e. recalculated as 0.78 with 95% CI 0.59-0.89), nor
did it strengthen the results for Level III (i.e. recalculated as
ICC 0.72 with 95% CI 0.3-0.9). Indeed, the increased vari-
ability in scores that resulted from including this child may
have inflated the ICC in the total sample.

GMWT TEST—RETEST RELIABILITY
Mean walking distances for the 6MWT across participants

n ICC  95% CIof ICC Coefficient of variation Limit of agreement (SD) ~ SEM ~ MDCys
10-metre fast walk test (s)
All participants 31 081 0.65-0.90 36.4 1.5 (10.8) 4.4 12.2
GMEFCS Level 9 059 0.01-0.89 7.9 -0.6 (1.3) 0.6 1.7
GMEFCS Level IT 8 0.70 0.12-0.93 16.0 0.9 (14.0) 1.5 4.3
GMFCS Level III 14 0.78 0.45-0.93 38.5 32(154) 64 17.7
6-minute walk test (m)
All participants 30  0.98 0.95-0.99 8.5 -7.3(64.3) 19.8 54.9
GMFCS Level I 9 093 0.71-0.98 48 -17.6 (66.0) 223 61.9
GMFCS Level II 8 091 0.64-0.98 9.0 16.0 (75.6) 23.1 64.0
GMEFCS Level 11T 13 098 0.90-1.00 6.1 -14.5 (42.7) 17.1 47.4

GMEFCS, Gross Motor Function Classification System; ICC, intraclass correlation coefficient; CI, confidence interval; SEM, standard error of

measurement; MDCys, minimal detectable change 95% confidence level.
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were 333.5m and 340.8m at baseline and retest respectively
(Table III), and the difference was not significant (p=0.24).
There was no significant difference between test and retest
within GMFCS levels either (Table III), although the power of
these comparisons was less than 0.30. The test discriminated
among children in different GMFCS levels (i.e. baseline
mean times varied from 240m in Level III to 486m in Level I;
£<0.015). The ICC for test-retest reliability across all partici-
pants was 0.98 (95% CI: 0.95-0.99) with an SEM of 19.8m
and MDCys of 54.9m (Table IV). The lowest ICC was 0.91 in
GMEFCS Level II.

The CVs were acceptable, all being below 10%. LOA esti-
mates were comparable across subgroups, but were general-
ly 10m to 20m higher than MDC estimates (Table IV). The
Bland-Altman plot (Fig. 2) shows evidence of heteroscedas-
tic measurement errors such that children with longer dis-
tances at baseline, i.e. those in GMFCS Level I with distances
above 450m, increased their walk distances on retest.

Table V: Effect of assessor, familiarity, and test issues on
test-retest reliability

n Icc 95% CI
10-metre fast walk test
Same assessor at retest 22 0.81 0.59-0.91
Different assessor at retest 9 0.75 0.22-0.94
No test issues 23 0.89 0.76-0.95
Test issues 8 0.81 0.32-0.96
6-minute walk test
No previous experience 14 0.98 0.92-0.99
Previous experience 16 0.99 0.96-1.00
Same assessor at retest 21 0.97 0.93-0.99
Different assessor at retest 9 0.99 0.95-1.00
No test issues 23 0.98 0.95-0.99
Test issues 7 0.96 0.78-0.99

ICC, intraclass correlation coefficient; CI, confidence interval.

Bland—Altman plot for 10mFWT, m

Subanalyses that considered use of different assessors on
retest and children with testing issues indicated that neither
affected the ICCs or 95% CI (Table V), nor was there any
impact on ICCs in relation to previous 6MWT experience.

Discussion

The test-retest reliability (ICC=0.81) of the 10mFWT across
all participants met the target for acceptability, but fell short
of reliability estimates of 10m walking speeds in adults with
TBI (i.e. ICC 0.96).% The lower bound of the 95% CI was
below the 0.85 acceptability standard identified a priori,
indicating that the point estimate was too imprecise to sup-
port recommendation of this measure. The large CVs also
indicated measurement issues.

The limited interparticipant variability in scores in
GMEFCS Levels I and II (i.e. less than 3s) is likely to have con-
tributed to the subgroups’ lower reliability estimates
(ICCs<0.70) as compared with that of the more heteroge-
neous total sample (ICC 0.81). While children in GMFCS
Level III had greater between-child variability (SD 13.7s),
they also had greater within-participant variability than those
in Levels I and II due to the greater influence of spasticity,
muscle weakness, and balance issues on their gait. This
might point to the need to add a non-timed 2m acceleration
phase to the test”?* so that the impact of spasticity and stiff-
ness on walking initiation would not be included as a source
of measurement error. Paradoxically, the ICC for the Level III
group exceeded the ‘good reliability’ cut-off point of 0.70,
perhaps because of the positive impact of the underlying
large between-participant variability.??

One of the test instructions may also have adversely affected
the reliability estimates for the 10mFWT. Specifically, the asses-
sor provided positive feedback on the walk speed that a partici-
pant chose when performing the 10mFWT practice test. This
was the speed that the child tried to replicate for the walk that
was officially timed. When the child returned 2 weeks later and
did the practice again, a different ‘fastest’ walk speed may have
been self-selected by the child and reinforced by the assessor. If

Figure 2: Bias (mean for test minus
retest time) =—7.3m, indicating
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children had been asked to run the 10m, they might have had a
more consistent performance of their fastest speed. Such
issues require further investigation to standardize better the
testing protocol.

One other factor that may have led to the lower reliability of
the 10mFWT overall was the observed negative impact of hav-
ing a different assessor at retest for nine of the children. This
may have had greatest influence with respect to the inconsis-
tency of assessor reinforcement of the child’s selected speed.

In contrast, the 6GMWT demonstrated excellent test-retest
reliability with a narrow 95% CI in the overall sample and
GMEFCS subgroups, supporting its use among community
ambulators. The ICC estimates are similar to other studies
that evaluated the 6MWT test-retest reliability in healthy
teenagers,'? adults with TBIL,#1° and individuals with MS.1!
Given the lack of evidence for impact of different assessors
on reliability, it seems that the 6MWT, with its greater reliance
on endurance than achievement of maximal short-burst
speed, is more robust to assessor impact than the 10mFWT.
The 6MWT CVs were under 10%, lending support to the high
ICCs, and were in line with those found by Verschuren et al.?>
in their reliability work with short-distance running tests and
muscle tests in children with CP.

Unlike the original 6GMWT protocol from the ATS,> we did
not include a practice trial. Our decision was made based on
work by van Loo et al.* which demonstrated no significant
learning effect when adults with spasticity did two 6MWT tri-
als. There was indication of heteroscedastic measurement
errors in GMFCS Level 1, i.e. faster children in this group had
increased retest distances. These children had perhaps more
physical capability to speed up on the retest after perhaps
realizing from their first attempt that they could have gone
faster. Conversely, children in Level III with their greater
physical restriction and associated limits to performance
were most consistent in their distance covered as demon-
strated within each of the 6GMWT analyses.

When using measures for evaluative purposes, a change
score greater than the estimated MDC is required as evi-
dence of true change.?! The MDCys of 12.2s for the 10mFWT
was large given the mean time of 11.4s to complete the dis-
tance, and reflects directly the issues with the test’s measure-
ment accuracy.

In contrast, GMWT MDCs observed in this study (i.e. from
47-64m) are substantially lower than the MDC of 97.8m (ICC
0.87, SEM 35.3) from a reliability study with a sample of 550
healthy adults,'® and the MDC of 125.6m (ICC 0.88, SEM
45.3) with a sample of adults with chronic lung disease.l”
This difference in MDC might also have been partially due to
the slower walking speeds of children in the present study
compared with adults. The observed differences in 6MWT
MDCs among GMFCS levels suggest that a level-specific MDC
should be used when interpreting change scores.

From a clinical interpretation standpoint, the observed
MDC and LOA estimates require a 6GMWT distance change that
may be beyond that associated with therapeutic interventions
in CP, Since research reporting 6GMWT distance changes in chil-
dren with CP could not be found, studies involving changes in
walking speed were used to determine the applicability of this
MDC. For example, one could speculate that this MDC is too
large to detect change score differences of 0.11m/s (i.e.239.6m
increase in 6min assuming a consistent pace over the 6-min dis-
tance) observed in a study comparing barefoot versus

shoes/orthosis conditions in children with CP2° However, in a
gait evaluation following BoNT-A injections of gastrocnemius
muscles in children in GMFCS Level I, there were mean veloci-
ty gains of 0.23m/s.?” This would translate into an increase of
82m on the 6MWT. It would also permit detection of the
postrhizotomy gains of 0.26m/s observed by Wright et al.?® in
children with spastic diplegia.

Conclusion

In summary, the findings show that there are concerns with the
test-retest reliability of the 10mFWT using the chosen testing
protocol. In contrast, the 6MWT demonstrated excellent
test—retest reliability with narrow 95%Cls. While adaptation of
the standardized 6MWT instructions and encouragement was
necessary for younger participants, the comparison of test—
retest reliability between participants with testing issues and
those without revealed that reliability was maintained despite
these issues.

Further study with a larger sample is suggested to confirm
the impact of GMFCS level and age on reliability. Using the
power contours devised by Donner and Elaisziw?® for relia-
bility study sample size calculations, one would need at least
40 participants within a single GMFCS level or age stratum to
be confident of reliability of 0.90 (where H,=0.80) at an 80%
power level. The MDC may not represent a minimal clinically
important difference (MCID) in relation to a particular inter-
vention or client group.?! Formal work is required to estab-
lish MCIDs!7:28 for the 6MWT in children with CP. This could
be done by means of a data-driven approach based on SEMs
and observed change scores associated with common inter-
ventions in conjunction with consensus methods that would
provide a clinically-driven impression of important change.>?
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List of abbreviations

10mFWT  10-metre fast walk test
6MWT 6-minute walk test

Cv Coefficient of variation

LOA Limits of agreement

MDC Minimum detectable change
TBI Traumatic brain injury
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