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Introduction: We investigated the reliability and validity of the 2-min step test
(2MST) for assessing the exercise endurance of individuals with stroke and
lower-limb musculoskeletal disorders.
Participants and methods: The participants were 39 individuals with stroke and
42 with lower-limb musculoskeletal disorders (mainly hip fractures) from the
convalescent rehabilitation wards of four hospitals. The concurrent validity
and congruence between the 2MST and the 6-min walk test (6MWT) and
construct validity by hypotheses testing, including mobility and lower limb
muscle strength, were also confirmed. A subset of participants (stroke-group,
n= 15; musculoskeletal-group, n= 19) underwent a retest 2MST for our
evaluation of relative and absolute reliability using the intraclass correlation
coefficient (ICC1,1) and Bland–Altman plot.
Results: Both groups showed a moderate correlation between the 2MST and
6MWT (ρ=0.55–0.60), but the congruence was not sufficient. The 6MWT was
correlated with mobility in both groups and with muscle strength in the stroke
group, whereas the 2MST did not show a significant correlation with mobility.
The relative reliability was excellent in both groups (ICC1,1 > 0.9). In terms of
absolute reliability, the width of the limit of agreement was 18.8% for the stroke
group and 15.4% for the musculoskeletal group, relative to their respective
sample means of 2MST. A fixed bias was identified in the stroke group, in which
step counts increased by 6.5 steps upon retesting.
Discussion: Our analyses revealed that the 2MST is a valid and reliable tool for
assessing the exercise endurance of individuals with stroke or lower-limb
musculoskeletal disorders. However, it is necessary to validate the absolute
reliability observed herein by using a larger sample size. In addition, when
assessing the exercise endurance of individuals with stroke, it may be necessary
to consider the potential bias of an increased step count during retesting.
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1 Introduction

Exercise capacity is a defining factor of physical fitness and a crucial determinant of

successful aging (1). Numerous studies have shown a dose-response relationship

between increased exercise capacity and reduced morbidity and mortality in older

adults (2). Consequently, the World Health Organization’s physical activity guidelines
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fresc.2024.1384369&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fresc.2024.1384369
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fresc.2024.1384369/full
https://www.frontiersin.org/articles/10.3389/fresc.2024.1384369/full
https://www.frontiersin.org/articles/10.3389/fresc.2024.1384369/full
https://www.frontiersin.org/articles/10.3389/fresc.2024.1384369/full
https://www.frontiersin.org/journals/rehabilitation-sciences
https://doi.org/10.3389/fresc.2024.1384369
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Ishigaki et al. 10.3389/fresc.2024.1384369
recommend aerobic exercise for a variety of individuals, including

adults, older adults, and those with chronic disease and disability

(3). It is therefore essential to evaluate individuals’ exercise

capacity properly to determine the advantages of aerobic exercise.

Exercise capacity is typically assessed by using the testee’s

maximal oxygen uptake, which can be measured using direct or

indirect methods. The direct method involves analyzing exhaled

gas during exercise on a treadmill or bicycle ergometer, which

requires specialized equipment, space, and trained professionals.

In contrast, the indirect method estimates maximal oxygen

uptake based on the amount of exercise (i.e., exercise endurance)

that can be performed within a time limit. Although direct

methods can accurately assess exercise capacity, indirect methods

based on exercise endurance are often used in clinical settings

due to their broad and simple applicability. The most common

indirect method is the 6-min walk test (6MWT), which measures

the distance a subject can walk in a 6-min period (4). The

6MWT is a standard clinical assessment recommended in

practice guidelines or evidence reviews for evaluating exercise

endurance. This test is applicable to conditions such as stroke (5)

and lower-limb musculoskeletal disorders (LMSD), including hip

fractures (6), knee or hip osteoarthritis, and total knee or hip

arthroplasty (7), which may affect the activities of daily living of

older adults. However, due to the requirement of a long walkway,

it may not be feasible to perform the 6MWT in clinics, homes,

or other clinical settings with limited space. In Japan, where the

population is the most aged among major industrialized

countries (8), stroke and LMSD (including fractures, falls, and

joint diseases) are the major causes of the need for long-term

care (9). Against the backdrop of the aging population in Japan,

the government is promoting a shift in medical and nursing care

(including rehabilitation services) from hospitals to homes as a

matter of policy (10). In other words, there is a need to establish

a simple method to assess the exercise endurance of individuals

with stroke or LMSD in home and community settings, which

are more environmentally constrained than in hospitals.

Moreover, aging is a global concern that is not unique to Japan

(11), and evidence for telerehabilitation performed in the home

setting has been building as a matter of global concern (12, 13).

Therefore, addressing this issue holds significance not only for

Japan but worldwide.

An alternative to the 6MWT, which requires less space, is the

2-min step test (2MST) (14). The 2MST was developed as a

subtest of the Senior Fitness Test and is a method for assessing

exercise endurance (14–16). In the 2MST, the subject assumes a

standing position and performs as many marching movements as

possible for 2 min on the spot. Performance on the 2MST is

defined by measuring the number of unilateral (usually right-

sided) steps taken in the standing position to a height midway

between the patella and iliac crest, with a higher number

indicating greater exercise endurance. The 2MST was originally

designed for older adults, but recent studies have shown its

validity as an exercise endurance assessment tool in various

populations, including older adults (14, 17) and those with

cardiovascular diseases (18–20), Parkinson’s disease (21),

symptomatic peripheral artery disease (22), type 2 diabetes (23),
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hypertension (24), and morbid obesity (25). The inter-and intra-

rater reliabilities of the 2MST have been reported in various

populations, including older adults (14, 16), young to middle-

aged adults (26), and individuals with cardiovascular diseases

(20), symptomatic peripheral arterial diseases (22), chronic low

back pain (27), and knee osteoarthritis (28).

However, the reliability and validity of the 2MST in individuals

with stroke and LMSD, including hip fracture and knee or hip

arthroplasty, have not been adequately investigated. We

conducted the present study to investigate the reliability and

validity of the 2MST as an assessment of the exercise endurance

of individuals with stroke and LMSD.
2 Participants and methods

2.1 Study design, ethics and reporting
guideline

This study was a multicenter, cross-sectional survey. The study

was approved by the Medical Ethics Committee of Nagoya Gakuin

University (approval no. 2020-28). The study complied with the

Declaration of Helsinki, and all participants provided written

informed consent. This study evaluated the measurement properties

of the 2MST according to the taxonomy developed by the

Consensus-based Standards for the selection of health Measurement

INstruments (COSMIN) initiative and reported them in accordance

with the reporting guidelines developed by COSMIN (29, 30).
2.2 Study setting and participants

This study was conducted in the convalescent rehabilitation

wards of four hospitals in Japan from August 2021 to August

2022, where volunteers were recruited to participate. The study

targeted individuals with first-time stroke (infarction or

hemorrhage) or an LMSD (hip or femoral fracture, hip or knee

osteoarthritis, or total knee arthroplasty). The inclusion criteria

were: (i) age ≥45 years, (ii) ≥60 days post-stroke onset and ≥45
days post-onset of injury or hospitalization due to an LMSD, (iii)

overall stable health condition with no exercise restrictions

imposed by the attending physician related to the expected

exercise load in this study, and (iv) ability to walk with

supervision using a walking aid or lower-limb orthosis. The

exclusion criteria were: (i) comorbidity requiring the management

of cardiac or respiratory illnesses; (ii) the presence of acute pain;

and (iii) cognitive impairments, consciousness disorders, or mental

illnesses that would hinder participation in the study.

To calculate the sample size, we determined the concurrent

validity based on the correlation coefficient between the 2MST

and 6MWT. In reference to a study of individuals with heart

failure reporting a correlation coefficient of 0.44 between the

2MST and the 6MWT (18), a sample size of 38 participants for

each of the present groups (stroke and LMSD) was calculated,

considering a significance level of 0.05 and a power of 0.80.

During the planning phase of the research proposal, this study
frontiersin.org
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(18) was the only one that validated the correlations between 2MST

and 6MWT and peak oxygen uptake among middle-aged and older

individuals with diseases. Therefore, although the disease differs

from that in our study, it was used as a reference value to

calculate the sample size. The minimum sample size was 46

participants per group, with a 20% anticipated data loss. This

calculation was performed using G*Power 3.1.9.6 [test family:

exact; statistical test: correlation (bivariate normal model)] (31).

Reliability data were randomly selected from the participants

who provided data for validity. Reliability was determined based

on an intra-rater reliability coefficient [intraclass correlation

coefficient (ICC1,1)] of 0.7, using the test-retest method, with a

significance level of 0.05, and power of 0.80. This resulted in a

required sample size of 12 participants for each group. Assuming

a 30% data loss, a minimum sample size of 16 participants was

planned for each group. The R package (ICC.Sample.Size) was

used for this calculation (32). Participant recruitment was

stopped early when sufficient valid data were obtained for the

calculated minimum sample size.
2.3 Data collection

The 2MST and 6MWT were conducted on different days for

each participant, ranging from ≥1 day to <7 days apart. The

examiner was given discretion to choose which test to perform

first. Only randomly selected participants, chosen for the

examination of reliability, underwent the 2MST again within a 7-

day period. The researchers, who are licensed physiotherapist,

agreed that neither of the day intervals would result in changes in

the participants’ conditions that could influence the test results.

Data were collected by physiotherapists who were informed of the

purpose, content, and methods of the study. There were no

restrictions on data collection by the physiotherapists who handled

the patients during their regular clinical duties. Demographic and

clinical characteristics were collected on the day the 2MST or

6MWT was conducted for the first time. The participants were

not blinded to their 2MST or 6MWT results.

2.3.1 Demographics and clinical characteristics
Data on age, sex, body mass index (BMI), days from onset, type

of stroke or LMSD, affected side, and site(s) were collected from the

participants’ medical records. Comorbidities contributing to

mortality were evaluated and scored using the Charlson

Comorbidity Index (33); the CCI scoring used an updated version

of the index rather than the original version (34). The scores

range from 0 to 24 points, with higher scores indicating a greater

impact of comorbid conditions and an increased risk of mortality.

2.3.2 Ambulation ability and mobility
We also evaluated the ambulation ability and mobility.

Ambulation ability was assessed using the Functional

Ambulation Categories (FAC) scale, which ranges from non-

functional ambulator to independent ambulator, with six stages

(0–5) (35). A higher FAC stage indicates greater ambulation

ability. The Japanese version of the Rivermead Mobility Index
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(RMI) was used to assess mobility. The RMI evaluates

independence in 15 aspects of mobility, including bed mobility,

transfers, walking, bathing, and stairs, and is scored from 0

(poorest) to 15 (best) (36, 37).

2.3.3 Physical functions
Pain intensity during walking was evaluated using a Numeric

Rating Scale (NRS) ranging from 0 (no pain) to 10 (maximum

pain) (38). Lower-limb muscle strength, specifically hip flexion

and knee extension, was assessed using manual muscle testing on

both sides in six stages (39). However, for the affected side of the

stroke participants and the muscle strength of the affected side

(including hip flexion, knee extension, and ankle dorsiflexion)

was assessed using the Motricity Index (40), which is comprised

of six stages for each muscle; the total scores were calculated on

a scale ranging from 1 (poorest) to 100 (best) (41).

2.3.4 Exercise endurance
The 6MWT was conducted in accord with the guidelines of the

American Thoracic Society, using a 30-meter walkway (42). The

participant was instructed to walk as far as possible within 6 min,

with breaks allowed as needed during the test. When taking a

break, the participants were encouraged to resume walking as

quickly as possible. The total distance walked was recorded.

The 2MST was conducted in accord with the procedures of the

Senior Fitness Test (14), and the participant was instructed to

march as many steps as possible for 2 min on the spot. To set

the elevation height of the lower limbs, the midpoint between the

patella and the anterior superior iliac spine of each participant

was identified. If a participant had difficulty raising the affected

limb or the more severely affected side to a standard height, he

or she was instructed to raise it to the best of their ability. The

number of steps taken over a period of 2 min was then measured

based on the non-affected or less affected limb. We excluded

individuals who were unable to elevate to the set height due to

physical limitations. To ensure the safety of participants with

balance disorders and to maintain uniform testing conditions, all

tests were conducted with the participants holding onto a

handrail with one hand. The original manual for 2MST also

mentions the option to allow the use of handrail (14).

For both the 6MWT and 2MST, the % Heart Rate Reserve (%

HRR) was calculated by measuring the participant’s heart rate

before and after completing the exercise tasks. The modified

Borg scale (0–10) was used to assess the rate of perceived

exertion (RPE) following the exercise tasks (43).
2.4 Statistical analyses

Statistical analyses were conducted separately for the stroke and

LMSD groups. To understand the characteristics of the sample, we

calculated descriptive statistics based on the scale properties of each

variable and data distribution. Normality was examined using

histograms, Q–Q plots, and the Shapiro–Wilk test. Means and

standard deviations were used to describe interval scale variables

that were confirmed to be normal, whereas medians and first
frontiersin.org

https://doi.org/10.3389/fresc.2024.1384369
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Ishigaki et al. 10.3389/fresc.2024.1384369
and third quartiles were used for those that were not confirmed to

be normal. Nominal scale variables are presented as frequencies

and percentages.

We investigated the validity and reliability of the 2MST as a

measure of exercise endurance. For validity, both the concurrent

validity and agreement between the 2MST and the 6MWT as well

as construct validity by hypotheses testing were evaluated.

Reliability was assessed by an examination of the intra-rater

reliability using the test-retest method, focusing on both relative

and absolute reliability. The statistical analyses were performed

with R 4.3.1 (CRAN) using the Shrout method for the ICC (44)

and the Stratford method for the standard error of measurement

(SEM) (45), with a significance level of 5%.

2.4.1 Validity
We used Spearman’s rank correlation coefficient to examine the

concurrent validity of the 2MST and 6MWT. A non-parametric

method was employed for this purpose to align with the methodology

used in the subsequent analyses of construct validity. In addition, to

quantitatively assess the congruence between the 2MST and 6MWT, a

simple regression analysis was performed to predict the 6MWT

results from the 2MST results, and a 95% prediction interval at the

mean value of the 2MST was determined (46).

To verify and compare the construct validity of the 2MST and

6MST, we examined their relationships with mobility (RMI), pain

intensity (NRS), and the strength of the affected lower limb (MMT

and Motricity Index) using Spearman’s rank correlation coefficient

for each group. The construct validity hypothesis was as follows:

2MST, an on-the-spot marching exercise performed while

holding a handrail and counting movements of the unaffected

side, was hypothesized to have little or no correlation with

mobility, pain intensity, or the strength of the affected lower

limb. In contrast, the 6MWT, which involves walking, was

expected to have a higher correlation with mobility, the strength

of the affected lower limb, and pain during walking. In other

words, the 2MST was hypothesized to be less influenced by

walking or walking-related physical functions in its assessment of

exercise endurance. Because we conducted multiple correlation

analyses for both concurrent and construct validity, the

probability (p)-values were adjusted using the Holm method to

account for the risk of alpha error. The interpretation of the

correlation coefficient was defined as follows: 0.0 to ±0.1 as

negligible, ±0.1 to ±0.39 as weak, ±0.4 to ±0.69 as moderate,

±0.7 to ±0.89 as strong, and ±0.9 to ±1.0 as very strong (47).

2.4.2 Reliability
To evaluate the relative reliability of the 2MST, we used the

ICC1,1 to analyze the correlation coefficient between the initial test

and retest, and the SEM was also determined. The interpretation

of ICC was defined as follows: <0.5 as poor, 0.5–0.75 as moderate,

0.75–0.9 as good, and >0.90 as excellent reliability (48).

As a secondary outcome of reliability, we examined absolute

reliability, with the aim of providing reference values for future

research. The systematic error between the initial test and retest

in the 2MST was assessed using Bland–Altman plots (49).

Following the reporting framework (50) recommended in a
Frontiers in Rehabilitation Sciences 04
recent review (51), our analysis confirmed the normality of the

mean and the difference between two values (initial and retest)

using Q–Q plots and the Shapiro–Wilk test. Subsequently, we

calculated the mean of the differences with their 95% confidence

intervals (CIs), as well as the limits of agreement (LoA) and their

upper and lower 95% CIs. Fixed bias was examined using the

mean of the difference, 95% CIs, and a one-sample t-test,

whereas proportional bias was assessed based on the significance

of the Pearson’s product-moment correlation coefficient. These

analyses based on Bland–Altman plots were performed using the

web tool provided by Olofsen et al. (52), with a detailed

methodology described in their paper (53). The LoA for the

2MST performed by individuals with stroke or LMSD has not

yet been reported; therefore, as an alternative, in the present

study we assumed that the LoA for the 6MWT of the

participants with stroke or hip fracture (ranges corresponding to

±35% and ±18% of the sample mean, respectively) were within

acceptable ranges (54, 55).
3 Results

3.1 Characteristics of the participants

In the stroke group, 43 individuals who met the criteria

participated in the study, but four were excluded due to an

improper administration of either the 6MWT or 2MST. The final

sample consisted of 39 individuals for the validity analysis and

15 for the reliability analysis. In the LMSD group, 42 individuals

who met the criteria participated. Individuals who had

undergone a total hip arthroplasty did not participate in this

study. One participant was excluded due to an improper

administration of 2MST. The final sample consisted of 42

individuals for validity and 19 individuals for reliability.

The descriptive statistics for each dataset in both groups are

presented in Tables 1, 2. The stroke group consisted of middle-

aged to older adults, with a slightly higher number of males

suffering from cerebral infarction. At least 70% of the participants

in the stroke group were able to walk independently within the

hospital (FAC≥ 4). The LMSD group mostly included older

females with hip fractures who were almost (≥95%) independently
ambulatory within the hospital (FAC≥ 4). In both the stroke and

LMSD groups, for the validity and reliability datasets, the walking

distance in the 6MWT was approx. 320 m. In contrast, in the

2MST, the average number of steps for the stroke group in the

validity data was 78, compared with 91 in the LMSD group, which

was slightly higher. However, in the reliability dataset, both groups

exhibited an average of 94–100 steps.
3.2 Validity and congruence

Regarding concurrent validity, significant moderate correlations

between the 2MST and the 6MWT were observed in both groups

(stroke ρ = 0.55, p < 0.01; LMSD ρ = 0.60, p < 0.01) (Figures 1A,B

and Table 3). Table 4 presents the results of the simple regression
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TABLE 1 Characteristics of the participants in the stroke group.

Variable Validity data
n = 39

Reliability data
n = 15

Age, yrs 65.0 (56.0–78.0) 58.0 (48.0–74.0)

Sex:
Male/female, n (%)

25 (64.1)/14 (35.9) 9 (60.0)/6 (40.0)

BMI, kg/m2 22.9 (20.3–24.7) 22.0 (20.5–23.4)

Type of stroke:
Infarction/hemorrhage, n (%)

24 (61.5)/15 (38.5) 10 (66.7)/5 (33.3)

Affected side:
Right/left/bilateral, n (%)

19 (48.7)/19 (48.7)/1 (2.6) 6 (40.0)/9 (60.0)/0 (0)

CCI update, points 2 (2–2) 2 (2–2)

FAC, grade
3/4/5, n (%)

10 (25.6)/17 (43.6)/12 (30.8) 4 (26.7)/7 (46.7)/4 (26.7)

RMI, points 9 (8–11) 9 (8–12)

NRS pain walking, points 0 (0–0) 0 (0–0)

Motricity index, points: 76 (58–92) 65 (43–84)

Motricity hip, points
9/14/19/25/33

1 (2.6)/6 (15.4)/9 (23.1)/16 (41.0)/7 (17.9) 1 (6.7)/3 (20.0)/4 (26.7)/5 (33.3)/2 (13.3)

Motricity knee, points
9/14/19/25/33

2 (5.1)/4 (10.3)/5 (12.8)/17 (43.6)/11 (28.2) 2 (13.3)/3 (20.0)/2 (13.3)/4 (26.7)/4 (26.7)

Motricity ankle, points
0/9/14/19/25/33

1 (2.6)/3 (7.7)/ 6 (15.4)/5 (12.8)/12 (30.8)/12 (30.8) 1 (6.7)/2 (13.3)/ 3 (20.0)/2 (13.3)/3 (20.0)/4 (26.7)

Non-as hip.flex MMT, grade
4/5, n (%)

14 (35.9)/25 (64.1) 4 (26.7)/11 (73.3)

Non-as knee.ext MMT, grade
4/5, n (%)

9 (23.1)/30 (76.9) 0 (0)/15 (100)

6MWT, m: 314.0 ± 111.8 324.4 ± 123.6

6MWT RPE, points 4 (2–4) 4 (2–4)

6MWT %HRR (%) 18.6 (10.1–29.1) 15.8 (7.8–27.9)

Days from onset to 6MWT 106.4 ± 37.3 114.7 ± 35.3

2MST, steps: 78.4 ± 25.8 94.4 ± 26.3

2MST RPE, points 4 (3–5) 4 (3–5)

2MST %HRR (%) 19.8 (13.5–27.9) 21.2 (13.5–27.0)

Days from onset to 2MST 105.5 ± 36.5 111.7 ± 33.6

Days from 6MWT to 2MST 2 (1–4) 3 (1–5)

Retest 2MST, steps: – 100.9 ± 30.7

Retest 2MST RPE, points – 4 (2–5)

Retest 2MST %HRR (%) – 19.1 (11.8–29.1)

Days from test to retest 2MST – 7 (7–7)

Mean ± standard deviation, median (1st–3rd quartile).

%HRR, % heart rate reserve; 2MST, 2-min step test; 6MWT, 6-min walk test; BMI, body mass index; CCI, Charlson comorbidity index; FAC, functional ambulation categories;

MMT, manual muscle testing; Non-As, non-affected side; NRS pain walking, numerical rating scale of pain intensity in walking; RMI, rivermead mobility index; RPE, rating of

perceived exertion.
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analysis estimating 6MWT from 2MST for each group. For the

congruence between the 2MST and 6MWT, in the stroke group,

the 95% prediction interval for the mean value of the 2MST was

between a lower bound of 177.1 m and an upper bound of

462.9 m, with a range of 285.7 m (Figure 2A). In the LMSD

group, the 95% prediction interval for the mean value of the

2MST was between a lower limit of 128.1 m and an upper limit of

499.9 m, with a range of 371.8 m (Figure 2B). The range of the

predictive interval was wide in both groups, ranging from ±45% to

58% of mean 6MWT. Regarding construct validity, the 6MWT

showed a significant moderate correlation with the RMI (mobility)

result in both groups (stroke ρ = 0.51, p < 0.01; LMSD, ρ = 0.43,

p < 0.01). In the stroke group, a significant moderate correlation

was observed between the Motricity Index (the strength of the

affected lower limb) (ρ = 0.67, p < 0.01). However, the 2MST did

not show any significant correlation with these variables (Table 3).
Frontiers in Rehabilitation Sciences 05
It should be noted that because of the very low incidence of

pain in the stroke group, pain was not included in the analysis for

this group.
3.3 Reliability

Both groups demonstrated excellent results with ICC1,1 above

0.9 (stroke: 0.93, LMSD: 0.97). The SEM was 6.4 (95% CI: 4.7–

10.1) in the stroke group and 5.3 (95% CI: −5.1–2.2) in the

LMSD group (Table 5). From the Bland–Altman plots, a

significant fixed error of approx. 6.5 steps increase on the retest

was observed in the stroke group, although proportional errors

were not significant, with the LoA ranging from −24.2 to 11.3

(Figure 3A and Table 5). The LoA for the stroke group in the

2MST was within an error width of ±19%, relative to the sample
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TABLE 2 Characteristics of the participants in the lower-limb musculoskeletal disorders (LMSD) group.

Variable Validity data
n = 42

Reliability data
n = 19

Age, years 79.0 (71.0–83.0) 78.0 (75.0–82.0)

Sex:
Male/female, n (%)

7 (16.7)/35 (83.3) 4 (21.1)/15 (78.9)

BMI, kg/m2 20.8 (19.0–24.3) 20.8 (19.1–23.2)

Type of LMSD:
Fractures hip/femoral
Osteoarthritis hip/knee
Total knee arthroplasty, n (%)

31 (73.8)/2 (4.8)
2 (4.8)/5 (11.9)

2 (4.8)

14 (73.7)/1 (5.3)
1 (5.3)/3 (15.8)

0 (0)

Affected side:
Right/left/bilateral, n (%)

16 (38.1)/25 (59.5)/1 (2.4) 5 (26.3)/13 (68.4)/1 (5.3)

Affected of site:
Hip/knee, n (%)

35 (83.3)/7 (16.7) 16 (84.2)/3 (15.8)

CCI update, points 0 (0–1) 0 (0–0)

FAC, grade
3/4/5, n (%)

2 (4.8)/24 (57.1)/16 (38.1) 0 (0)/14 (73.7)/5 (26.3)

RMI, points 9 (8–9) 9 (8–9)

NRS pain walking, points 1 (0–2) 2 (1–3)

As hip.flex MMT, grade
3/4/5, n (%)

10 (23.8)/26 (61.9)/6 (14.3) 5 (26.3)/12 (63.2)/2 (10.5)

As knee.ext MMT, grade
2/3/4/5, n (%)

1 (2.4)/7 (16.7)/21 (50.0)/13 (31.0) 0 (0)/5 (26.3)/9 (47.4)/5 (26.3)

Non-AS hip.flex MMT, grade
3/4/5, n (%)

2 (4.8)/27 (64.3)/13 (31.0) 1 (5.3)/12 (63.2)/6 (31.6)

Non-AS knee.ext MMT, grade
3/4/5, n (%)

3 (7.1)/21 (50.0)/18 (42.9) 1 (5.3)/10 (52.6)/8 (42.1)

6MWT, m: 320.0 ± 87.5 327.6 ± 72.7

6MWT RPE, points 4 (3–5) 4 (3–5)

6MWT %HRR (%) 16.4 (10.2–23.9) 14.9 (9.7–18.5)

Days from onset to 6MWT 67.2 ± 20.9 66.4 ± 14.6

2MST, steps: 91.1 ± 24.5 95.7 ± 29.5

2MST RPE, points 4 (3–6) 3 (2–4)

2MST %HRR (%) 19.0 (12.6–32.8) 14.6 (7.3–20.4)

Days from onset to 2MST 65.2 ± 20.7 63.9 ± 14.4

Days from 6MWT to 2MST 2 (1–3.3) 3 (1–8)

Retest 2MST, steps: – 97.2 ± 28.7

Retest 2MST RPE, points – 4 (3–4)

Retest 2MST %HRR (%) – 10.5 (6.5–18.6)

Days from test to retest 2MST – 7 (7–8)

Mean ± standard deviation, median (1st–3rd quartile).

%HRR, % heart rate reserve; 2MST, 2-min step test; 6MWT, 6-min walk test; BMI, body mass index; CCI, Charlson comorbidity index; FAC, functional ambulation categories;

MMT, manual muscle testing; Non-As, non-affected side; NRS pain walking, numerical rating scale of pain intensity in walking; RMI, rivermead mobility index; RPE, rating of

perceived exertion.
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mean of 94.4 steps. No systematic error was observed in the LMSD

group, and the LoA ranged from −16.2 to 13.3 (Figure 3B and

Table 5). The LoA for the LMSD group in the 2MST was within

an error width of ±15%, relative to the sample mean of 95.7

steps. The 95% CIs for the upper and lower bounds in the LoA

for both groups were wide, and the estimates of the population

parameters were not stable (Table 5).
4 Discussion

This study aimed to assess the validity and reliability of the

2MST as a tool for measuring the exercise endurance of

individuals with stroke or an LMSD. The results indicated a

moderate correlation between the 2MST and 6MWT in both
Frontiers in Rehabilitation Sciences 06
groups, but the degree of congruence was insufficient. Although

mobility and the 6MWT were correlated in both groups, no

correlations with the 2MST were observed. The ICC for the

2MST was excellent in both groups, but only the stroke group

exhibited a fixed bias of increased step count at retest. Based on

these results, we assert that the 2MST is a valid and reliable tool

for assessing the exercise endurance of individuals with stroke or

LMSD. However, it is important to consider the potential for

increased step count bias during retesting when assessing the

exercise endurance in individuals with stroke.

The concurrent validity of the 2MST and the 6MST has already

been confirmed in other diseases and populations (17–24), and our

present findings extend the applicability of the 2MST as an

assessment of exercise endurance. These results were obtained

presumably because the participants were at least able to walk
frontiersin.org
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FIGURE 1

Scatterplots of the participants’ results on the 2-min step test (2MST) and 6-min walk test (6MWT) in (A) the group with stroke and (B) the group with
lower-limb musculoskeletal disorders.

TABLE 3 The 2MST and the 6MWT and correlations between each
variable.

Stroke (n = 39) LMSD (n = 42)

2MST 6MWT 2MST 6MWT
6MWT 0.55 (< 0.01) – 0.60 (<0.01) –

RMI 0.18 (0.17) 0.51 (<0.01) 0.14 (1.00) 0.43 (0.04)

Motricity index 0.28 (0.25) 0.67 (<0.01) – –

NRS pain walking – – −0.17 (1.00) −0.13 (0.83)

As hip.flex MMT – – 0.33 (0.21) 0.33 (0.23)

As knee.ext MMT – – −0.03 (0.85) 0.20 (0.99)

Spearman’s rank correlation coefficient (p-value).

2MST, 2-min step test; 6MWT, 6-min walk test; As, affected side; LMSD, lower-limb

musculoskeletal disorders; MMT, manual muscle testing; NRS pain walking,

numerical rating scale of pain intensity in walking; RMI, rivermead mobility index.

Ishigaki et al. 10.3389/fresc.2024.1384369
under supervision (FAC≥ 3) and met the minimum unilateral

lower-limb muscle strength required to perform the 2MST

(capable of anti-gravity movements). Although the disease differs,

it is known that some individuals with Parkinson’s disease are

unable to complete 2 min of marching (56), while those with

mild walking disorders classified as Hoehn and Yahr stages I and

II showed a correlation between the 2MST and 6MWT, and no

correlation was observed in those with more severe walking

disorders classified as stages III and IV (21).

These findings suggest that the present participants were

appropriate for examining the concurrent validity of the 2MST
TABLE 4 Results of single regression analysis to estimate 6MWT from 2MST.

Variable Stroke
n = 15

Coefficient SE (95% CI) p-value
Intercept 123.16 48.49 (24.90–221.41) <0.001

2MST 2.44 0.59 (1.24–3.63) <0.001

Stroke: Adjusted R2 = 0.30, ANOVA p < 0.001, Variance of residuals = 8,771.19; Musculo

6MWT, 6-min walk tes; 2MST, 2-min step test; LMSD, lower-limb musculoskeletal dis
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and the 6MWT. However, our analyses revealed that the

predicted ranges of the 6MWT estimated from the 2MST were

wide, with 371.8 meters (±45%) for the stroke group and 285.7

(±58%) meters for the LMSD group, indicating insufficient

congruence between the 2MST and 6MWT. This difference

corresponds to the variations in the construct validity between

the 2MST and 6MWT, which will be discussed later. In

summary, although both the 2MST and 6MWT measure exercise

endurance, they are performance tests that reflect different

physical functions; therefore, the congruence between the 2MST

and 6MWT is considered insufficient.

Interestingly, we observed that the 6MWT was associated with

mobility and affected-limb muscle strength in the stroke group as

well as mobility in the individuals with LMSD. The 2MST did

not demonstrate a significant relationship. The 6MWT involves

walking and is thus influenced by walking ability and other

contributing factors, such as the muscle strength of the affected

limb. In other words, it reflects not only exercise endurance but

also walking ability and walking-related physical function.

However, as the 2MST was not associated with mobility or

muscle strength of the affected limb in this study, this result can

be interpreted as an assessment focused on exercise endurance,

independent of walking ability.

Previous research demonstrated that the 2MST is associated

with the modified Rankin Scale, walking speed, and muscle
LMSD
n = 19

Coefficient SE (95% CI) p-value
130.75 43.32 (43.18–218.31) 0.02

2.08 0.46 (1.15–3.01) <0.001

skeletal: Adjusted R2 = 0.32, ANOVA p < 0.001, Variance of residuals = 5,190.13.

orders.
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FIGURE 2

(A) stroke group: 95% prediction interval = 371.8 m (128.1–499.9), (B) lower-limb musculoskeletal disorders group: 95% prediction interval = 285.7 m
(177.1–462.9).

TABLE 5 Results of relative and absolute reliability.

Relative reliability Absolute reliability

ICC1,1 (95% CI) SEM (95% CI) Fixed bias (95% CI)
p-value

Proportional bias (r)
p-value

LoA
lower–upper

95% CI lower 95% CI upper

Stroke,
n = 15

0.93 (0.81–0.98) 6.4 (4.7–10.1) −6.5 (−11.5 to −1.5)
0.02

−0.49
0.06

−24.2–11.3 −36.0 to −18.0 5.1–23.1

LMSD,
n = 19

0.97 (0.92–0.99) 5.3 (4.0–7.9) −1.5 (−5.1–2.2)
0.41

0.11
0.66

−16.2–13.3 −24.5 to −11.6 8.6–21.5

ICC, intraclass correlation coefficient; SEM, standard error of measurement; 95% CI, 95% confidence interval; LoA, limits of agreement; LMSD, lower-limb musculoskeletal

disorders.

FIGURE 3

Bland–Altman plots of the test–retest 2MST. Solid line: the mean of the difference, dotted line: range of limit of agreement, chain line: 95% CI of the
lower and upper limits of agreement. (A) stroke group, (B) lower–limb musculoskeletal disorders group.
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strength in individuals with stroke (57). In individuals with knee

osteoarthritis, pain intensity and physical function are associated

with the 2MST (28). These findings are not in agreement with

our present results, and there are several possible explanations

for this discrepancy. In our study, the 2MST was administered in

a stable environment with handrails, making it less likely that

variations in mobility, physical function, and pain associated

with stepping would affect the participants’ test performance. We

also observed that the pain intensity during walking was almost

nonexistent in the individuals with stroke (NRS median, 0) and

minimal in those with LMSD (NRS median, 1). An earlier

investigation of individuals with knee osteoarthritis found pain to

be more severe (NRS mean 8.12) (28). We thus propose that the

2MST performed with handrails is a method that easily cancels

the influence of physical functions related to mobility and pain.

Based on these considerations, we argue that the 6MWT and the

2MST should be selectively used depending on the situation and

purpose. Given that the 6MWT is an established instrument with

substantial evidence available, it should be prioritized 6MWT

when possible. However, when environmental constraints or

other factors make conducting the 6MWT challenging, the use of

2MST is justified. Furthermore, the 6MWT is appropriate for

evaluating exercise endurance, including walking ability, whereas

the 2MST is more suitable for evaluating exercise endurance with

reduced influence from walking ability.

The relative reliability was excellent in both the present stroke

and LMSD groups, comparable to or even better than that reported

in previous studies (ICC: 0.83–0.945) that documented intra-rater

reliability (14, 16, 20, 22, 26, 27). A notable point is that the

range of the LoA in absolute reliability (±18% for stroke and

±15% for LMSD) was smaller than the values set alternatively by

the 6MWT, i.e., ±35% for stroke (54) and ±18% for LMSD (55).

Moreover, although there is limited evidence, recent

investigations of the absolute reliability of the 2MST reported the

range of LoA to be approx. ±32% for individuals with

symptomatic peripheral artery disease (22) and approx. ±30% for

individuals post-coronary revascularization (20). The LoA in our

present study was superior for a performance test of exercise

endurance. The high reliability of the assessment may be due to

the well-trained physiotherapists, and the 2MST was conducted

in a stable environment using handrails. It is also possible that

not restricting the assessment by physiotherapists familiar with

patients’ conditions leads to high reliability. However, this

approach may introduce examiner bias, and caution should be

exercised in this regard. We also detected a fixed bias with an

increase of 6.5 steps (∼8%) during the retest for the individuals

with stroke, which could be interpreted as a learning effect. Since

the result of 2MST was not blinded to the participants in this

study, the learning effect is more likely to be induced in the

retest. It is known that for older adults, the number of steps in

the 2MST significantly increases in the third test compared with

the first (16). Other studies of the absolute reliability of the

2MST described no systematic error in individuals with

symptomatic peripheral artery disease (22). However, there was

an increase of 7.5–7.7 steps (∼11%) on retest for individuals

post-coronary revascularization (20). Similarly, learning effects
Frontiers in Rehabilitation Sciences 09
upon retesting have been suggested in the 6MWT in individuals

with stroke and hip fracture (54, 55). It remains unclear which

participant characteristics are more likely to produce learning

effects, but at least for individuals with stroke undergoing the

2MST, a careful interpretation of results considering fixed bias is

warranted. According to the bias risk assessment tool for

reliability and measurement error developed by COSMIN, note

that not blinding both the examiner and the participants to the

test results causes a risk of bias (58).

This study has several limitations. We did not examine the

concurrent validity of exercise capacity by investigating its

relationship with maximal or peak oxygen uptake. The %HRR in

both tests was between 15% and 20%, indicating a low exercise

load. In individuals with heart failure and morbid obesity, the

concurrent validity between the peak oxygen uptake and

the 2MST has been reported (18, 25). To examine the validity of

the 2MST as a more rigorous assessment of exercise capacity

based on exercise endurance, future studies including exhaled gas

analyses are needed. Additionally, the assessments that we used

for structural validity were mostly simple ones, and a replication

study using more sensitive interval scales (such as walking speed

or handheld dynamometry) is needed. Moreover, the absolute

reliability remains a preliminary result due to the small sample

size, and the 95% CI for the LoA was large. Although the sample

size for Bland–Altman analyses remains a topic of debate (51),

sample sizes of 100 or 200 are traditionally considered necessary

to reflect population characteristics (46).

Lastly, a sensitivity analysis was not performed in this study.

Constructing subgroups from a larger sample size and performing

a sensitivity analysis are desired to examine the consistency of our

results and provide more clinically interpretable and concrete

findings. Despite these limitations, the strength of this study is

providing externally valid results from a multicenter collaboration

data. This is the first study to examine the validity and reliability

of the 2MST as an assessment of exercise endurance in individuals

with stroke or LMSD, offering evidence to promote the clinical

application of this convenient test. Systematic reviews of the 2MST

have indicated a lack of evidence of reliability, particularly absolute

reliability (59), and our present study provides valuable

foundational knowledge for future research.
5 Conclusions

Our research findings demonstrated that the 2MST is a valid

and reliable method for assessing the exercise endurance of

individuals with stroke or an LMSD. It is important to validate

absolute reliability using a larger sample size, and when testing

individuals with stroke, it may be necessary to consider the

potential bias of increased step counts during retesting.
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