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Abstract

This study explored the test-retest reliability and construct validity of a two-minute walk test in
children and adolescents with CP Gross Motor Function Classification System (GMFCS) levels I, II, and
III. Twenty-six participants with CP (age 11.7 + 3.9 years) were recruited and were assessed twice with
the two-minute walk test to determine the test-retest reliability (interval 2 weeks). Minimal detectable
changes (MDC95) were calculated. Construct validity was established by comparing the results of the
two- and six-minute walk tests during the first assessment. The test-retest reliability was excellent, with
intra-class correlation (ICC) = 0.98 for all participants. The (MDC95) for all participants was 12.7 m. The
distance covered by children and adolescents with CP in the two-minute walk test had high correlation (r
=0.9, p <0.01) with distance covered in the six-minute walk test. The two-minute walk test is a valid and
reliable outcome measure to assess walking performance in children and adolescents with CP.
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Introduction

Cerebral palsy (CP) is a group of permanent disorders of the development of movement and
posture, causing activity limitation, that are attributed to non-progressive disturbance occurring in the
developing infant brain [1]; CP is often associated with premature and low birth weight survivors [2,3].
Children with CP commonly present with spasticity, lower limb flexor muscle group weakness [4], and
reduction in selective motor control [5,6], which affect functional and walking ability over time [7].
Children with CP who are ambulant either with or without the assistive mobility aids will show some
degree of pathological or abnormal gait [8]. In terms of functional ability, a five-level classification
system, the Gross Motor Function Classification System (GMFCS), has been used to determine which
level best represents a child’s or youth’s abilities [9].

Evaluating walking performance in people with CP in a clinical setting requires quick, simple, and
psychometrically-sound testing to best represent their functional ability and to ensure the effectiveness of
physiotherapy. The recommended test to assess walking performance is the six-minute walk, which
examines the functional status of a patient, as most of the activities of daily living are performed at
submaximal levels of exercise [10-12]. The six-minute walk test has been found to be reliable, with ICC
= 0.80 [13] for children with CP GMFCS levels I and II and ICCs > 0.90 in GMFCS subgroups [14]. The
minimum detectable change (MDC), according to GMFCS, were reported to be 61.9 m for those with
level 1, 64.0 m for level II, and 47.4 m for level III [14]. As individuals with muscle weakness, reduced
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exercise tolerance, or short attention span and who may have difficulties in completing the six-minute
walk test, the two-minute walk test may be an alternative [15]. Pin and Choi (2018) reported that the two-
minute walk test may be more feasible than the six-minute walk test, as it is of shorter duration and
requires less energy from the participants [16]. ICCs > 0.80 have been reported for the intra and inter-
rater reliability of the two-minute walk test in children with and without neuromuscular disorders aged 6 -
12 years [16]. In addition, the MDCs were revealed to be 15.7m for children walking with aids and 16.6m
for those walking independently [16]. Although the two-minute walk test showed high within day test-
retest reliability in the previous study [16], to our knowledge, there has been no published report on its
reliability and validity in children and adolescents with CP classified as GMFCS levels I, II, and III.

Thus, the main aim of this study was to determine the test-retest reliability and construct validity of
the two-minute walk test among children and adolescents with CP GMFCS subgroups (levels I - IIT). The
secondary aim was to establish the MDCs in the total sample and to determine the correlation between
2MWT and GMFCS levels.

Materials and methods

Study design
This was a cross-sectional study. A list of potential participants were identified from the Universiti
Kebangsaan Malaysia Medical Centre (UKMMC) hospital database.

Subjects

Participants were included in this study if they were diagnosed with CP, aged between 7 - 16 years,
able to ambulate with or without walking aids, and able to follow basic commands. Participants were
excluded if they had had a botulinum toxin injection in the last 3 months, had undergone surgical
procedure on a lower extremity in the last 6 months, and had any congenital heart disease that affected
their ambulation. All identified participants and care givers were provided with written and verbal
information about this study during their visit to the hospital. Participants or care givers who agreed to
participate in this study signed an informed consent form prior to the walk test. Ethical approval was
obtained from the Research Ethics Committee UKMMC, Kuala Lumpur, Malaysia (NN - 2018 - 113).

Procedures

This study followed standard guidelines and protocols for the two- and six-minute walk tests
described by Pin (2014) and the American Thoracic Society Committee, respectively [17,18]. Trained
physiotherapy students administered the tests with training sessions of the test’s protocols that were
performed prior to data collection. During the tests, each participant wore shoes and sat on a wooden
chair with their back and arms supported. The participants were asked not to engage in vigorous activity
two hours prior to the test. Prior to the assessments, the participants’ heart rate, blood pressure, and
oxygen saturation (SPO,) were taken. The Borg scale was measured before and after the tests for each
participant [19]. The Borg scale was used to monitor and guide participants regarding the level of exertion
during the walk tests. During the first assessment, each participant was instructed to walk (not run or jog)
for two and six minutes on a 15-meter long walkway with an adequate break (10 - 15 min) given between
the two walk tests. Baseline resting heart rate should have been achieved before starting the next walk
test. The start and end of the walkway were marked with brightly coloured tape. The participants were
allowed to rest or stop any time during the test. Verbal encouragement was not given to the participants.
The same procedure for the two-minute walk test was repeated after two weeks with different data
collection sheets used to prevent bias from the previous results. A two week interval was chosen in view
of no changes in walking performance to be expected, as no intervention took place during this period.
During the 2 week interval, participants continued their daily living acivities with no physiotherapy
sessions.
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Statistical analysis

Data were analysed using IBM SPSS version 23.0. Intra-class correlation coefficient (ICC, ) was
used as a parameter to report the test-retest reliability [20]. ICC value < 0.5 was considered poor, between
0.5 and 0.75 moderate, between 0.75 and 0.9 good, and > 0.90 excellent [21]. Standard error of
measurement (SEM) and minimal detectable changes (MDCys) were also calculated. SEM was calculated
using the formula SEM = SD*(V1-ICC), where SD is the standard deviation of the baseline scores. The
MDCys was calculated at a 95 % CI, where MDCos = 1.96*\ 2*SEM) [22]. To explore the mean
differences over time (between assessment 1 and 2) and interaction between group and time, mixed model
ANOVA test were conducted. To evaluate the construct validity between the two- and six-minute walk
tests and correlation between the 2MWT and GMFCS levels, Pearson’s correlation coefficients (r) were
calculated, with r < 0.30 regarded as weak, 0.30 - 0.59 as moderate, and > 0.60 as strong [23]. The
significance level was set at p < 0.05. A Bland and Altman plot was provided to give a visual
representation of size and range differences between the x (mean of the two-minute walk test taken on
two assessments) and y (difference between the two assessments) values [24].

Results and discussion

A total of 31 children and adolescents with CP met the inclusion criteria; however, only 26 of them
were included in this study. Two of the participants were unable to participate in this study due to anxiety
problems prior to the test. Another three participants were unable to participate due to time constraints.
For test-retest reliability, six participants were unable to repeat the assessment due to transportation and
unrelated medical problems, hence, only 20 participants were included for the reliability analysis. Table 1
shows the demographic data of the participants. The mean age of participants in this study was 11.7 + 3.9
years. Table 2 shows the mean distances covered in both assessments. There was no significant
difference between the mean walking distance in the first and second assessments (p = 0.45). In addition,
there was no significant interaction between group and time with p = 0.78. The result for the 2MWT test-
retest was excellent, with ICC = 0.98, and the MDCys were calculated as 12.7m for all participants.

Table 1 Demographic data of participants in this study (n = 26).

Characteristics Frequency (%)
Gender
Male 13(50.0)
Female 13(50.0)
Age
Children (7 - 12) 15(57.7)
Adolescents (13 - 16) 11(42.3)
GMFCS levels
I 14(53.8)
I 6(23.1)
11 6(23.1)
Type of CP

Spastic diplegia 14(53.8)

Spastic hemiplegia 12(46.2)
Type of ambulation aid

Rollator 6(23.0)

GMFCS = Gross Motor Classification Function System
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Table 2 Mean distance covered for both assessments of two-min walk test (n = 20).

. . Mean distance assessment Mean distance assessment
Participants

(1 m) (2 m)
Participants with CP (n = 20) 91.03(32.30) 93.58(34.24)
Participants with CP GMFCS level I (n=11) 107.87(20.87) 111.00(21.78)
Participants with CP GMFCS level I (n = 5) 93.37(18.64) 95.20(21.59)
Participants with CP GMFCS level III (n = 4) 41.78(20.32) 41.28(19.58)

GMFCS = Gross Motor Classification Function System
Paired t-test results:

All participants p = 0.45

Participants with CP GMFCS level [ p = 0.4
Participants with CP GMFCS level Il p = 0.5
Participants with CP GMFCS level III p = 0.7

Figure 1 demonstrates the relationship between the means of the two distances covered in the two-
minute walk test taken on two assessments (x-axis) against the difference between the two assessments (y-
axis). Figure 1 suggested that the mean distance increased by approximately 2.6 m in the second
assessment. This indicates that the participants tended to walk slightly faster in the second assessment.
The magnitude of this difference is unlikely to be of great clinical significance.
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Figure 1 Plot of the difference between distances in two assessments against the means of distance for
both assessments. The mean difference between distances bisects the y-axis, and lower lines represent the
95 % limits of agreement.

2MWTT1 - two-minute walk test in the first assessment

2MWT?2 - two-minute walk test in the second assessment
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The mean distance covered for the six-minute walk test was 240.08 = 110.42 m. The distance
covered in the two-minute walk test had very strong correlation (r = 0.9, p < 0.01) with the distance
covered in the six-minute walk test, indicating high construct validity of the two-minute walk test in this
population. In addition, the correlation between the two-minute walk test and GMFCS levels was (r = -
0.5, p <0.01), showing a negative moderate correlation.

This study explored the reliability and validity of the two-minute walk test among children and
adolescents with CP. This study demonstrated that the two-minute walk test had excellent test-retest
reliability among the overall sample size. This study also showed excellent construct validity between the
two- and six-minute walk tests.

The results from this study agreed with the outcomes from the previous study in children with and
without neuromuscular conditions [16]. We conducted this study based on the recommendation of Pin and
Choi [16], who suggested that the establishment of psychometrics for the two-minute walk test for
specific diagnosis (i.e., CP) was warranted. Therefore, our findings add to the knowledge of the current
available evidence. Excellent test-retest reliability demonstrated consistency between the two assessments
and between the individuals for the two-minute walk test in children and adolescents with CP in this
study. Compared to other studies with different populations, such as people with lower limb amputation
ICC = 0.83 [25], adults with neurological impairment with ICC = 0.97 [26], patients with chronic
obstruction pulmonary disorder with ICC = 0.99 [15], and stroke survivors with ICC = 0.98 [11], this
study showed excellent to good reliability for the two-minute walk test.

The mean distance in children with GMFCS level III was more consistent in comparison with those
with GMFCS levels I and II during the second assessment; however, this did not reach to a significant
level. This might be due to the fact that the participants with GMFCS levels I and II were more high
functioning and able to walk faster compared to those with GMFCS level I11.

The MDCys was calculated as 12.7 m, indicating that a child with CP had to have a greater than 12.7
m change to reflect a true change in walking performance, as measured by the two-minute walk test. This
result is slightly lower than the reported 16.6 m MDCy, on the two-minute walk test in children with
neuromuscular impairments [16]. The difference might be due to the fact that our study focused on
specific diagnosis (i.e., CP), whereas the study by Pin and Choi [16] included > 50 % of non-CP
population (i.e., neuromuscular conditions). Individuals with CP have difficulty walking due to spasticity,
muscle weakness, or contracture, and these are not the main features of other conditions such as Down
syndrome and muscular dystrophy as included in previous study.

This study also showed that the two- and six-minute walk tests had a strong significant correlation.
In addition, the two-minute walk test was negatively correlated with the GMFCS levels. Participants with
higher GMFCS levels walk slower and have less walking endurance; hence, this result is not surprising in
indicating that the higher the GMFCS level, the lower the distance covered in two minutes. A previous
study reported a high correlation between two and six-minute walk tests among healthy children and
adults aged 3 - 85 years [27].

A testing interval of two weeks was chosen to decrease the learning effect that can occur with
repeated testing and to avoid the effect of intervention on the walking performance. However, there is a
possibility that, because of the variability of walking performance, i.e., the gait speed of high-functioning
CP (GMFCS level 1), the participants may have walked faster during the retest. In addition, the walk tests
followed the same order for all participants; therefore, the results may have had bias, as no
counterbalance of administration of the tests took place. While it is impossible to control the activities, we
ensured that the participants did not go for any physiotherapy session in between the two assessments.
The wide age range of the study population, i.e., children and adolescents, might have influenced the
results of walking performance, as they might have had different activities with regards to participation at
school and home. Further study with a larger sample is suggested to confirm the GMFCS subgroups
reliability and MDCs, although small sample sizes in neuropediatric studies are common [28]. It is also
recommended to establish the minimal clinically important differences in CP subgroups classified with
GMFCS levels 1, 11, and III for future research.
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Conclusions

This is the first study to report the test-retest reliability and construct validity of the two-minute
walk test for children and adolescents with CP and within GMFCS levels I-I1I. In summary, the findings
show that the two-minute walk test demonstrated excellent test-retest reliability and high construct
validity to measure walking performance in children and adolescents with CP. Future research is needed
to determine MDCs and minimally clinical important changes in young people with CP across the
GMFCS levels with a larger sample size.
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