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Abstract

Background/Objectives: The 2-minute walk test 2MWT) is a time-based gait assessment
commonly employed for populations with limited walking ability for greater tolerability
compared to the longer 6-minute test. The recommended distance to perform the tests is
a 30 m straight path, a space requirement that is not always available in non-laboratory
contexts. Shorter paths are therefore often adopted, but associated changes in gait patterns
are not clear. The aim of the study is therefore to investigate how different walking path
lengths affect gait patterns during the 2MWT. Methods: Twenty healthy young adults
performed three walking trials on a straight hallway of 5 m, 15 m, and 30 m lengths.
Spatiotemporal gait parameters were measured using three inertial measurement units on
both distal tibiae and at pelvis level. Results: The 5 m path showed the greatest deviations,
specifically in walking distance, walking speed, stride duration, stance time, swing time,
single support time, and cadence, if compared to longer distances (p < 0.05). The 15 m path
showed differences only in walking distance and walking speed (p < 0.05), if compared to
the 30 m path. Conclusions: Shorter path lengths, particularly the 5 m, significantly impact
gait patterns and should be considered when interpreting 2MWT results in clinical settings.
The 30 m path is recommended as the gold standard, with 15 m as a viable alternative for
assessing temporal parameters. Nevertheless, the extent to which each feature would be
over/underestimated when walking in limited spaces is also addressed.

Keywords: 2MWT gait pattern; wearable inertial sensors; quantitative/objective evaluation

1. Introduction

Human walking is a complex motor function, integrating the motor and sensory sys-
tems [1,2]. To evaluate walking performance and estimate health status across populations,
time-based tests like the 12-Minute Walk Test, and distance-based tests like the 10-Meter
Walk Test, are commonly used. Shorter versions of time-based tests, such as the 6-Minute
Walk Test (6MWT) and 2-Minute Walk Test (2MWT), are highly correlated with longer
versions [3]. The 6MWT is popular due to its simplicity and similarity to daily living
activities. However, for individuals with walking difficulties—such as amputees or the
frail elderly—the 2MWT is preferred for its better tolerability and safety [4-8].

In time-based tests assessing functional capacity, total walking distance and walking
speed are the most commonly measured parameters. More recently, wearable devices,
like inertial measurement units (IMUs,) have been used for instrumenting different tests
allowing spatiotemporal gait parameters, upper body accelerations, and gait variability
to be captured, either in clinical or real-life settings [7,9-12]. Guidelines for the 6MWT
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recommend a straight path of at least 30 m to minimize turning points and maximize the
distance walked [2].

However, such space may not always be available in clinical settings, thus motivating
studies aiming to explore the feasibility of adopting shorter paths, such as 5m, 10 m, 15 m,
and 20 m [13,14]. Barnett et al. [15] compared the execution of the 6SMWT across different
path lengths and configurations (5 m, 10 m, 15 m, 30 m, rectangular, and continuous figure-
of-eight), finding differences in walking speed, distance, and variability in stride length,
stride width, and stride time, especially in shorter paths like 5 m.

Since the 6MWT can be time-consuming and fatiguing, especially for patients with
walking impairments, the 2MWT has been adopted as a shorter and tolerable alterna-
tive [16]. Despite the recommendation of a 30 m straight path for the 2MWT [17], shorter or
more discontinuous paths are often used in clinical environments. A recent study [18] com-
pared 2MWT performance across six clinical settings with varying path lengths, obstacles,
and surfaces. Results showed significant differences in total walking distance compared
to normative reference values of research laboratory studies, indicating the impact of en-
vironmental factors. However, the study did not explore spatiotemporal gait parameters,
leaving a gap in understanding how short path lengths influence gait patterns.

Thus, to the author’s knowledge, there is no clear indication in the literature as to
the extent to which different gait parameters change because of shorter path lengths.
An enhanced understanding of how much gait patterns are under-/overestimated when
using shorter paths could be informative for guiding the choice of optimal settings for
administering gait test protocols and for better interpreting the results when these settings
are unavailable. Hence, this study aims to determine whether and how manipulations in
walking path length would affect 2MWT gait patterns in healthy adult individuals.

2. Materials and Methods

Twenty healthy young adults (10 males and 10 females; mean age: 27.3 & 2.9 years; body
mass index (BMI): 22.8 £ 2.4 kg/ m?) were recruited (Power Analysis, G*Power 3: effect size
f=0.4, power (1-f error = 0.95, « = 0.05)) for this cross-sectional study. Exclusion criteria
were psychological, neurological, musculoskeletal disorders, or any condition affecting
gait, and injuries occurred in the last six months.

Participants performed three 2MWT trials, one for each straight path of 5 m, 15 m,
and 30 m in a randomized order. A rest period of at least 3 min was provided between
trials, and participants were asked whether they felt ready to continue before starting the
next trial. Participants were instructed to walk at their normal, self-selected pace, wearing
comfortable shoes. Turning points (180°) were marked at the ends of each path (Figure 1b),
and verbal cues were used to signal the start and stop of each trial. Three synchronized
IMUs (Movit® by Captiks Srl, Rome, Italy, 100 Hz, +1.7 g range) were placed on both
lateral distal tibiae and at L5 level (Figure 1a). Sensors were secured using Velcro straps
provided by Captiks Srl and positioned according to the manufacturer’s guidelines.

Raw accelerometer and gyroscope data were processed with the manufacturer’s
validated algorithms using Motion Analyzer software (Captiks srl) which automatically
detects gait events and compute spatio-temporal parameters. The validity and reliability of
these algorithms for spatio-temporal gait analysis have been previously reported [19,20].
The following gait parameters were extracted: walking distance (WD) (m), walking speed
(WS) (m/s), cadence (steps/min), stride duration (s), double support time (s), single support
time (s), stance and swing phases (s).

Statistical analyses were conducted in SPSS Version 29 (IBM Corporation US) using
repeated measures ANOVA for normally distributed data and Friedman tests for non-
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normally distributed data. Post hoc comparisons employed Bonferroni correction, to
prevent Type I error. Effect sizes for each comparison were expressed as 17p? values.
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Figure 1. Illustration of the experimental setup: (a) schematic representation of the placement of the
inertial sensors (Movit®, Captiks Srl, Rome, Italy) on both lateral distal tibiae and at the L5 level;
(b) schematic representation of the walking paths used in the 2-min walk test (5 m, 15 m, and 30 m),
with cones marking the turning points (180° turns).

3. Results

Each of the 20 participants completed all three trials, resulting in a consistent dataset
size across all conditions. Results are summarized in Table 1, highlighting significant
differences across the three path lengths. WD for the 5 m path was significantly lower
compared to both the 15 m and 30 m paths (p < 0.001), and the 15 m path also showed a
significant reduction compared to the 30 m path (p < 0.001). Similarly, WS also differed
across all path lengths, with the 5 m path showing the largest reduction (p < 0.001 for
5mvs. 15m/30 m; p = 0.005 for 15 m vs. 30 m). Other gait parameters (cadence, stride
duration, double support time, single support time, stance, and swing time) showed no
significant differences between 15 m and 30 m paths. In contrast, the 5 m path led to
increased stride duration, swing time, single support time, accompanied by a decrease
in cadence (p < 0.001). Stance time (significant in the main effect but not in post hoc
comparisons) and double support time showed no significant differences. Table 2 reports
the extent of underestimation or overestimation of each parameter for the 5 m and 15 m
paths relative to the 30 m path. WD and WS appear to be the most affected by shorter
paths, whereas stride-level temporal parameters remain largely consistent for 15 m. The
5 m configuration, instead, showed an overestimation of stride duration, swing time, and
single support time, and an underestimation of cadence.

Table 1. The groups mean and standard deviation (SD) of each parameter for each straight-line
walking length are reported. The p-value of each main effect is reported, and bold numbers indicate
statistically significant differences (p < 0.05). Effect size is reported as Eta-squared (170?), for parametric
tests, or Kendall W (W), for non-parametric tests.

5m 15m 30m

Mean +SD  Mean +SD  Mean +SD p-Value Effect Size
Walking Distance (m) 123.69 2P 1436  161.773¢ 14.67  179.37b¢ 19.42 <0.001 0% =0.952
Walking Speed (m/s) 1.62 2P 017  1.692¢ 016  1.76°¢ 0.16 <0.001 W =0.473
Stride Duration (s) 1.052b 0.07 1.01 0.06 1.00 0.06 <0.001 0% = 0.625
Stance Time (s) 0.61 0.06 0.60 0.05 0.59 0.05 0.01 np* =0.268
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Table 1. Cont.

5m 15m 30 m

Mean +SD Mean +SD Mean +SD p-Value Effect Size
Swing Time (s) 0.43 30 0.03 0.41 0.02 0.41 0.02 <0.001 0% = 0.561
Single Support Time (s) 0.42 20 0.02 0.41 0.02 0.41 0.02 <0.001 17p% = 0.508
Double Support Time (s) 0.19 0.05 0.19 0.04 0.18 0.04 0.265 1p% = 0.067
Cadence (steps/min) 115.48 &b 7.30 119.05 6.66 119.97 6.76 <0.001 17p% = 0.658

2 Significant difference from 30 m. ? Significant difference from 15 m. € Significant difference from 5 m.

Table 2. The underestimation level of each parameter is reported as a difference expressed in their
respective measurement units (left part of the table) and then expressed as a % difference (right part
of the table). Bold values indicate measurements that were found to be statistically significant in

Table 1.

Underestimation Level of: Difference (%)

5m 5m 15m 5m 5m 15m

Compared to Compared to Compared to Compared to Compared to Compared to

15m 30 m 30 m 15m 30 m 30 m
Walking Distance (m) —38.07 —55.68 —17.61 —23.5% —31.0% —9.8%
Walking Speed (m/s) —0.06 —0.14 —0.07 —3.7% —7.8% —4.2%
Stride Duration (s) 0.03 0.04 0.01 3.3% 4.1% 0.8%
Stance Time (s) 0.01 0.02 0.01 2.1% 3.1% 1.0%
Swing Time (s) 0.02 0.02 0.00 4.9% 5.5% 0.5%
Single Support Time (s) 0.01 0.01 0.00 2.3% 2.8% 0.4%
Double Support Time (s) 0.00 0.01 0.00 1.6% 3.9% 2.3%
Cadence (steps/min) —3.57 —4.49 —0.92 —3.0% —3.7% —0.8%

4. Discussion

This study aimed to assess the impact of path length on 2MWT gait parameters in
young adults. Results show that walking path length significantly affects 2MWT perfor-
mance, with shorter paths leading to reductions in WD and WS, as well as alterations in
temporal parameters. These findings are consistent with previous studies on the 6MWT [15],
suggesting the adoption of different walking strategies on shorter paths. In addition, con-
sidering the range of values obtained for each gait parameter in this study, it was possible
to indicate the extent to which each feature would be over/underestimated when walking
in limited spaces (Table 2).

The highest WD and WS values were observed on the longest walking path (30 m),
followed by the 15 m path, with the lowest values recorded for the 5 m path. Specifically,
WD on the 5 m path was 31% lower than the gold standard 30 m path, while the 15 m path
showed a reduction of over 23%. This aligns with previous findings about the 6MWT [15],
demonstrating that reducing the number of required turns significantly improves total
walking distance in the 2MWT. Additionally, longer uninterrupted walking allows partici-
pants to reach a steady-state WS, minimizing the impact of acceleration and deceleration
phases, which are usually around 2.17 m each [21]. In the 5 m path, most of the distance
comprises these phases, resulting in lower WS. Since WS is a functional vital sign and
a predictor of health status, clinicians should carefully consider path length effects, as a
reduction from 30 m to 5 m leads to an 8% drop in WS (Table 2). Regarding the clinical
significance of such percentage variations, the differences in walking speed observed be-
tween the 15 m and 30 m paths (0.07 m/s) remain below or at the lower bound of minimal
clinically important differences (MCIDs) reported in adults with various pathologies, which
range from 0.10 to 0.20 m/s [22]. We cannot state the same for the differences between
5 m and 15 m, which amount to 0.14 m/s, appearing clinically relevant. This suggests
that for the 15 m walkway, the difference in total walking distance compared to the 30 m
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path (approximately 18 m) may be clinically meaningful in certain patient populations,
such as those in subacute stroke or undergoing COPD rehabilitation [23], while it may
not be relevant for others [24]. Overall, our findings indicate that for a 15 m walkway, all
stride-level temporal parameters can be reliably measured, while deviations in walking
speed are minimal and unlikely to be clinically meaningful. For the WD, instead, the 15 m
walkway should be interpreted with caution, as the clinical significance of this difference
should be considered relative to the patient’s pathology.

For temporal parameters, results showed an inverse relationship with WS, consistent
with prior studies [25,26]. The 5 m path produced the greatest temporal alterations, while
the 15 m and 30 m paths showed no significant differences. Stride duration was longest on
the 5 m path, likely due to the slower WS, as previously reported [25,26], where both studies
observed an increase in the stride duration when reducing walking speeds. The slower WS
also affected stance and swing time. However, in this study, while stance and swing time
were both longer on the 5 m path, only swing time differences were statistically significant
from 15 m and 30 m paths, with a swing increase of over 5% and single limb support
time increase of nearly 3% when reducing the path length from 30 m to 5 m (Table 2). As
previously stated, instead, the stance duration and the double support time did not show
significant differences. The lack of significant stance time alterations supports the idea
that stance and swing relate to distinct control mechanisms [25]: stance time appears to
vary linearly with WS, while swing relation to WS seems to be better represented by a
polynomial quadratic model, meaning the relation between the decrement of the swing
value at the increment of the WS is not represented by a straight line but follows a quadratic
function. Additionally, it should be considered that walking over 5 m mainly consists of
acceleration/deceleration phases, rather than steady state walking. Thus, it is suggested
that these phases may involve different walking strategies, and their influence on gait
temporal parameters would require further investigation.

In terms of cadence, the 30 m and 15 m paths produced values consistent with those
previously reported in the 6MWT [9]. Cadence decreased by about 3% in the 5 m path com-
pared to the 30 m path (Table 2), consistent with the longer stride duration and supporting
the correlation between cadence and WS previously reported [27].

To the author’s knowledge, this study represents the first attempt to quantify how
walking path length influences gait patterns in the 2MWT for young adults and how much
gait parameters are under- or overestimated when performing the 2MWT on shorter paths
than the recommended 30 m.

From a practical perspective, these findings have direct clinical implications. Specifi-
cally, an underestimation of the walking speed due to a shorter path length could lead to
misclassification of a patient against established cut-off values used for risk stratification,
despite their actual performance being adequate. Similarly, Underestimations of total
walking distance by up to 30% or less were observed, underestimations in total walking
distance of up to 30% or smaller were found, but systematic deviations in cadence and
stride duration could lead to incorrect interpretations of functional capacity or rehabilita-
tion progress. Reporting both raw and percentage differences, as provided in this study,
facilitates a more accurate adjustment of test results when the recommended 30 m walkway
is not available. Recognizing the systematic underestimation introduced by shorter walk-
ways can support clinical decision-making in different scenarios, such as when comparing
patient outcomes across facilities with varying space availability, when monitoring progress
in rehabilitation programs, or when interpreting longitudinal changes in patients tested in
different environments.

In these conditions, understanding the levels of under-overestimation in investigated
gait parameters, especially those resulting from the interaction of various factors, including
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body structure, postural control, lower extremity strength, and proprioception [21], can be
valuable for clinicians. Addressing these under-overestimations can improve the accuracy
of test results, allowing for more reliable comparisons with normative values obtained
under standard conditions. Furthermore, accurate measurements are crucial for evaluating
patients effectively and determining whether there are impairments in any of the systems
that contribute to human walking.

Some limitations must be addressed, such as the focus on only young adults. Other
individual factors, including age, BMI, and the presence of gait impairments, are known to
affect spatiotemporal parameters and may interact with walkway length.

5. Conclusions

When assessing gait spatiotemporal parameters, the 30 m path should be considered
the gold standard, while the 15 m path might represent a suitable alternative. In these
conditions, walking speed is slightly underestimated on shorter paths, but the magnitude
of this change is unlikely to be clinically meaningful, and temporal parameters such as
cadence, stride duration, stance, and swing times showed minimal differences between
15 m and 30 m paths, supporting the acceptability of these measures even when dealing
with shorter walkways. In contrast, total walking distance is more strongly affected by
path length. Therefore, clinicians may consider using a 15 m walkway when a 30 m space
is unavailable.

The 5 m path appears to be the least preferable, as short paths do not allow for
steady-state walking speed and may introduce compensatory strategies. However, if an
appropriate quantity of space is not available, as in clinical environments, it is essential to
consider the impact of shorter distances on gait patterns and the extent of underestimation
of specific parameters and adjust interpretations accordingly.

For future research, further studies are needed to extend the analysis to more het-
erogeneous cohorts, including elderly populations and clinical groups with gait impair-
ments, to confirm whether the findings observed in healthy young adults generalize to
these populations.
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Abbreviations

The following abbreviations are used in this manuscript:

6MWT  6-Minute Walk Test

2MWT  2-Minute Walk Test

IMUs Inertial Measurement Units
WD Walking Distance

WS Walking Speed

SD Standard Deviation
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