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Abstract

Objectives: Understanding differences between real-world
walking speed (RWS) and laboratory-measured walking
speed (LWS) is crucial for comprehensive mobility assess-
ments, especially in context of prolonged immobilization.
This study aimed to investigate disparities in walking speed
following a 60-day bed-rest period.

Methods: In 11 male participants, RWS was continuously
monitored using a tri-axial accelerometer worn on the waist,
while LWS was assessed via a 10-m walk test at preferred
speed, on three different study days after immobilization.
Statistical analyses included Bland-Altman and Pearson’s
correlation to evaluate agreement between RWS and LWS,
alongside paired-sample t-tests and univariate linear
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regression models to assess significance of differences and
temporal effects on gait speed.

Results: Results of Bland-Altman analysis showed no agree-
ment between RWS and LWS (mean difference 0.77 m/s) and
nonsignificant correlation (r=0.19, p-value=0.3). Paired-
sample t-tests indicated significantly lower RWS compared
to LWS for all study days (p-value <0.001). Univariate linear
regression models demonstrated a significant effect of test
day on RWS (p-value <0.001) but not on LWS (p-value=0.23).
Conclusions: These findings emphasize the importance of
integrating both assessments to capture comprehensive
mobility changes following prolonged periods of inactivity.
Particularly significant is that RWS is constantly lower than
LWS, with the former being more representative as it re-
flects what normally participants would do when not under
observation. Lastly, understanding discrepancies between
RWS and LWS would allow for more appropriate rehabili-
tation programs to speed up recovery while simultaneously
keeping the rehabilitation safe and tailored.

Keywords: real-world walking speed; laboratory walking
speed; gait speed comparison; accelerometers

Introduction

Gait speed is an important well-recognized parameter that re-
flects mobility and the overall well-being of an individual, as
well as being an indicator of physical functioning, cognitive
impairment [1], disability, falls and mortality [2-5]. Slow self-
selected walking speed is associated with a lower quality of life
[6], symptoms of depression [7], higher healthcare utilization
[8] and higher mortality rate [9]. The role of gait speed is also
linked to the assessment of the recovery process after surgery
[10] and after experimental bed-rest [11-13]. Due to its versa-
tility in predicting different outcomes, as well as the relatively
low cost and ease to administer, it has been named “the sixth
vital sign” by Middleton [4].

However, in recent years it became evident that self-
selected walking speed in a controlled environment (e.g.,

8 Open Access. © 2024 the author(s), published by De Gruyter on behalf of Shangai Jiao Tong University and Guangzhou Sport University. [(c<) X2l This work is

licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/teb-2024-0029
mailto:joern.rittweger@dlr.de
https://orcid.org/0000-0002-2223-8963
https://orcid.org/0000-0002-2223-8963
https://orcid.org/0009-0008-8904-4988
https://orcid.org/0000-0002-5325-0711
https://orcid.org/0009-0000-4491-9711
https://orcid.org/0009-0000-4491-9711
https://orcid.org/0000-0002-2388-0384
https://orcid.org/0000-0003-1200-5792
https://orcid.org/0000-0001-9615-7632

332 —— Grassi et al.: Discrepancies in walking speed: real-world vs. lab assessments

laboratory gait tests) can differ from self-selected walking
speed in real-world conditions [14-16]. Even the representa-
tivity of laboratory gait tests for real-world behavior has been
recently questioned [17] as laboratory-based assessments, often
conducted over short distances in controlled settings, may not
capture the complexity of real-world ambulation. It was shown
that real-world gait assessments using wearables are better at
predicting fall risk in older people than clinical gait assess-
ments [18] and undoubtedly offers a more ecologically valid
representation of daily mobility patterns [19, 20]. Aforemen-
tioned distinctions are paramount when it comes to patholog-
ical conditions. Especially in the context of extended bed-rest, it
is particularly important to represent gait capacity in realistic
scenarios to support a conclusive clinical statement.
Experimental bed-rest studies are widely accepted to
simulate the effects of microgravity in space on different
physiological systems and therefore, they provide valuable
insight in the physiological impact of neuromuscular and
coordinative deconditioning. Obviously, that is also relevant
to clinical cases of bed-rest. Immobilization by experimental
bed-rest leads to a rapid degradation process encompassing
most bodily structures, systems, and organs and, hence, a
decline in the overall fitness and health status [21-23].
Particularly, gait course analyses after bed-rest of differing
lengths showed that preferred walking speed, moderate
running speed and spatio-temporal parameters decrease
with the duration of bed-rest and results in delayed recovery
curves after bed-rest [11-13]. However, clear evidence on the
diagnostic differences and specificities of wearable solutions
in everyday life compared to laboratory tests is still unclear.
The focus of this work was to study the differences be-
tween self-selected laboratory walking speed (LWS) and
real-world walking speed (RWS) after 60 days of immobili-
zation by experimental bed-rest. For that purpose, we
assessed, in a prospective longitudinal study, gait speed at
three equidistant time intervals after the end of bed-rest,
named RO, R7 and R13, where the R before the number in-
dicates the recovery phase and the number after the R in-
dicates the day of the recovery phase in which the test was
performed (e.g., R7 indicates the seventh day after bed-rest).
We hypothesized that LWS and RWS would demonstrate
major differences. Furthermore, we investigated whether
the effect of time after bed-rest is reflected in LWS and RWS
data. The summary of this article is presented in Figure 1.

Materials and methods
Study design

A prospective longitudinal cohort study was performed at
the :envihab research laboratory of the Institute of
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Aerospace Medicine at the German Aerospace Center —
Deutsches Zentrum fiir Luft-und Raumfahrt (DLR) in Co-
logne, Germany. The bed-rest study took place from
February to April 2016 and lasted for 60 consecutive days
plus an in-house period of two weeks before and after the
bed-rest. Thus, each participant had a two-week Baseline
Data Collection (BDC) phase before immobilization, a 60-day
6° head down tilt bed-rest, and another two-week recovery
(R) phase. This extended period of 3 months was the second
campaign of a bigger study named RSL (Reactive Jumps in a
Sledge Jump System as a Countermeasure during Long-Term
Bed Rest 2015-2016) (see [24] for more details about the RSL
study). During the two two-week phases before and after the
immobilization phase, participants were confined to the DLR
ward to undergo various measurement procedures
(including gait tests).

As a countermeasure against the effect of immobiliza-
tion by experimental bed rest, seven participants were
assigned to undergo 48 training sessions during the bed-rest
phase on a Sledge Jump System (S]JS) that allows mimicking
reactive jumps in a horizonal position at different gravity
loads (see [24] for more details on the training sessions and
[25] for more information about the training device). On the
morning of the first bed-rest day, participants were
randomly assigned to either a passive control group that did
not perform any training sessions, or to an exercise group,
which participated in the scheduled horizontal training
sessions.

The study protocol was approved by the ethics com-
mittee of the Northern Rhine Medical Association (Arzte-
kammer Nordrhein) in Disseldorf, Germany (2014105) and
the Federal Office for Radiation Protection (Bundesamt fiir
Strahlenschutz) (Z5-22462/2-2014-032). All participants pro-
vided written informed consent before participating.

The study is registered at the German Clinical Trials
Register (www.drks.de) under the number DRKS00012946.

Participants

Eleven healthy male participants were randomly assigned
into two groups, the control group (CTRL group, n=4; age
31+ 7.5 years; height 179 + 2.2 cm; weight 73 + 8.7 kg) and the
exercise group (JUMP group, n=7; age 29.6 + 6.1 years; height
184 + 4.8 cm; weight 81.5 + 4.2 kg). Before being selected as
study participants, volunteers had to go through an infor-
mation session, an interview, two psychological tests and an
elaborate medical screening to be sure they were physically
and mentally fit for extended period of immobilization (see
[24] for further details).
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Discrepancies in walking speed measurements

post-bed-rest: a comparative analysis of real-world
vs. laboratory assessments
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In eleven male participants, RWS was continuously monitored using a tri-
axial accelerometer, while LWS was assessed via a 10-meter walk test
at preferred speed, on three different study days after immobilization.

Paired-sample t-tests indicated significantly
lower RWS compared to LWS for all study
days (p-value < 0.001). e

Univariate linear regression models demonstrated
a significant effect of test day on RWS (p-value <
2 0.001) but not on LWS (p-value =0.23).

The study found that real-world walking speed is consistently
lower than laboratory-measured walking speed, suggesting real-
world assessments may better inform safe and tailored
rehabilitation programs.

Linear regression Bland-Altman

Statistical analyses included Bland-Altman and Pearson's correlation to
evaluate agreement between RWS and LWS, alongside paired-sample
t-tests and univariate linear regression models to assess significance
of differences and temporal effects on gait speed.
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Figure 1: Graphical representation of this study. Key points: (1) Lack of agreement between RWS and LWS: The study found no significant correlation
between Real-world Walking Speed (RWS) and Laboratory-measured Walking Speed (LWS), with Bland-Altman analysis showing a mean difference 0f
0.77 m/s, indicating a substantial disparity between the two measures. (2) Consistently lower RWS: RWS was significantly lower than LWS across all study
days following the 60-day immobilization period. (3) Temporal effects on RWS: The day of testing significantly influenced RWS, while LWS remained
unaffected, suggesting RWS captures gradual changes in mobility better than LWS after prolonged inactivity. Figure created with BioRender.

Gait Speed measurements used (Optogait; Microgate, Bolzano, Italy). The data were
extracted at sampling frequency of 200 Hz. Trials were
Laboratory gait speed repeated twice and averaged.

Participants were explicitly asked to perform the course
Gait speed was assessed on a 10-m track [12] at the partici- at a normal or self-selected pace, meaning they were
pants’ preferred gait speed. To assess spatiotemporal char- instructed to walk as they would naturally, without rushing
acteristics of the locomotor pattern the Optogait system was  or intentionally slowing down. No time constraints were
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imposed, nor were they asked to walk as quickly as possible.
The goal was to observe their typical walking behavior in a
comfortable, real-life scenario. Additionally, the course had
a 5-m buffer before and after the start/stop line allowing a
flying start and stop to account for acceleration and decel-
eration phases.

Real-world gait speed

RWS was assessed via a tri-axial accelerometer (actibelt®,
Trium Analysis Online GmbH, Munich, Germany) placed on
the frontal region below the umbilicus. The device can re-
cord acceleration of the body center of mass over the three
spatial axes with a sample frequency of 100 Hz. Participants
were asked to wear the actibelt® as much as possible during
the day to capture all possible walking segments. They were
instructed to remove it while taking showers or when
sleeping. Wearing time was assessed electronically by the
device with a switch that can determine whether the belt
buckle is closed. RWS was estimated with the stepwave al-
gorithm [26], which computed the mean speed per each
walking step, and subsequently, the daily RWS is derived as
the average of these mean speeds. Additionally, the algo-
rithm provides a walking bout index per step, enabling the
calculation of walking bout distances. Walking bouts with
distances ranging from 8 to 12 m are identified and used in
the second section of the analysis presented in this work.

Statistical analysis

Statistical analysis was performed using R Studio v. 4.0.3
(RStudio: Integrated Development Environment for R,
RStudio, Inc., Boston, MA).

This study presents two analyses that account for
different types of RWS. The first analysis estimates daily
RWS using all steps and walking bouts detected by the
stepwave algorithm. The second analysis focuses only on
walking bouts of approximately 10m to provide a more
consistent comparison. More precisely, the second analysis
focused on bouts of length between 8 and 12 m.

For each of the analyses, the following steps have been
carried out:

Data distribution of RWS and LWS was assessed with the
Shapiro-Wilk test of normality [27] using the R function
stats::shapiro.test() and homogeneity of variance between RWS
and LWS was tested using the Fligner-Killeen Test of Homo-
geneity of Variance [28] using the R function stats::fligner.test().

Bland-Altman [29] and Pearson’s product-moment
correlation analysis [30] were performed to assess the
levels of agreement between the RWS and LWS. Pearson’s
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product-moment correlation analysis was performed using
the R function stats::cor.test(), while the Bland—Altman plot
was built using custom R functions.

A paired-sample two-sided t-test was performed to
assess whether LWS is significantly greater than RWS using
the R function stats::t.test() among all the samples and by
study day. The p-values were adjusted for multiple com-
parisons using the Bonferroni correction [31, 32].

Significance of the effect of test days (R0, R7 and R13) on
RWS and LWS was assessed by fitting a univariate linear
regression model to the data using the variable of interest
(RWS or LWYS) as dependent variable and study phase (R0, R7
and R13) as independent variable. The model was fitted by
calling the stats:Im() R function. Subsequently, a Tukey
Honest Significant Difference test [33] was used as post-hoc
test to determine differences between study days. All plots
were made using the R library ggplot2, version 3.3.6.

Group information (training or control) was not
factored in any of the analyses due to the relatively small
number of participants in each group, which precludes a
reliable assessment of the outcome.

Data are given in mean + standard deviations.

Results
All walking bouts

In this section are reported the results coming from the com-
parison of RWS estimated values using all the walking bouts
detected by the stepwave algorithm against the LWS values.

Wearing time

Wearing time of the three-axial accelerometer throughout
the three days of measurements was as follows (mean + SD
hours/day): R0: 14.6 + 2.9, R7: 14.3 + 4.2 and R13: 15.7 + 3.5.

Levels of agreement

Bland-Altman showed little to no agreement between the
two measurements with a mean difference of 0.77 m/s and
the 95% confidence intervals for the limit of agreements
were 0.23m/s to 1.31m/s, and no significant correlation
(t30=1.05, p-value=0.3, r=0.19).

Level of agreement by study day showed also no
agreement between RWS and LWS, with mean difference
and 95 % confidence intervals for the limit of agreements
(expressed in m/s) of 0.83 [0.29 to 1.38], 0.59 [0.18 to 1] and 0.89
[0.38 to 1.4] for RO, R7 and RI13, respectively. Also, the
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Pearson’s product-moment correlation showed little to no
correlation for all three study days (RO: to=1.71, p-value=0.12;
r=0.49; R7: 1t9=1.27, p-value=0.23, r=0.39; R13: tg=—0.64,
p-value=0.54, r=—0.22). Figure 2 and Table 1 present and
summarize the results reported in this section.

Moreover, in Figure 2, panel A.1, it can be seen that there
is a positive correlation (t3p=2.73, p-value=0.01; r=0.45) be-
tween the difference of measurements (y-axis) and the mean
of measurements (x-axis) suggesting an unequal variance
between the two compared measurements. As values of RWS
are not normally distributed (W=0.91, p-value=0.012), the
Fligner-Killeen Test of Homogeneity of Variances was car-
ried out to compare both variances. The test showed no
significant difference between the two variances (RWS
variance=0.03, LWS variance=0.07, x*=1.86, p-value=0.173).

Speed difference between RWS and LWS

The paired-sample t-test showed that RWS (mean=0.78 m/s,
SD=0.16 m/s) was significantly lower than LWS
(mean=1.55 m/s, SD=0.26 m/s), t3;=—15.78, p-value <0.001.

Furthermore, paired-sample t-test executed on the data
grouped by study day showed that for all the three study
days RWS was significantly lower than LWS (RO: t;o=—10.02,
p-value <0.001; R7: t;p=—9.32, p-value <0.001; R13: t4=—10.88,
p-value <0.001 — see Table 2 and Figure 3 for the t-test re-
sults). All the p-values were adjusted using the Bonferroni
correction for multiple comparisons.

Effect of test days

The univariate linear regression model fitted on the RWS
data showed a significant effect of the test days on RWS
(F,=63.01, p-value <0.001). On the other hand, the univariate
linear regression model fitted on the LWS data did not show
any significant effect of the test days (F,=1.548, p-value=0.23)
(see Table 3).

Subsequent post-hoc testing on the results of the linear
regression model performed on the RWS data showed that all
the differences tested in the pairwise comparisons (R13-R0,
R7-R0 and R7-R13) were significant (p-values=R13-R0: <0.001;
R7-R0: <0.001; R7-R13: <0.001 — see Table 4 for a summary of
the results of the post-hoc testing, and Figure 4 for a graphical
representation of the pairwise differences).

10-meter walking bouts

This section presents the results of the comparison of RWS
values, based on walking bouts with length ranging from 8 to
12 m, against LWS values.

Grassi et al.: Discrepancies in walking speed: real-world vs. lab assessments = 335

Walking bout statistics

The number of bouts covering a distance between 8 and 12 m
ranged from a minimum of three bouts per day to a
maximum of 53 bouts per day, with an average (+standard
deviation) of 20.1 + 11.05 bouts per day. The distance covered
per bout varied from 8.65 to 10.94m, with an average
(xstandard deviation) of 9.73 + 0.36 m. Table 5 provides a
summary of the daily number of bouts within this range,
along with the corresponding distances covered.

Levels of agreement

The Bland-Altman analysis revealed minimal to no agree-
ment between the two measurements, with a mean difference
of 0.82m/s. The 95% confidence intervals for the limits of
agreement ranged from 0.36 m/s to 1.28 m/s, and a significant
correlation was observed (t3,=2.5, p-value=0.02, r=0.42). When
analyzed by study day, there was also no agreement between
RWS and LWS. The mean difference and 95 % confidence in-
tervals for the limits of agreement (in m/s) were 0.76 [0.26 to
1.26] for RO, 0.77 [0.37 to 1.17] for R7, and 0.95 [0.55 to 1.35] for
R13. Additionally, Pearson’s product-moment correlation
showed positive correlations across all three study days: RO
(t9=3.19, p-value=0.01; r=0.73), R7 (ty=1.5, p-value=0.17, r=0.45)
and R13 (tg=1.15, p-value=0.28, r=0.38). Figure 2 and Table 1
illustrate and summarize the results discussed in this section.

In Figure 2, panel A2, a positive correlation can be
observed between the measurement differences (y-axis) and
the mean of the measurements (x-axis), with t3;=7.39, p-value
<0.001; r=0.8. This suggests unequal variance between the
two measurements being compared. Since the RWS values
are not normally distributed (W=0.92, p-value=0.024), the
Fligner-Killeen Test for Homogeneity of Variances was per-
formed to compare the variances. The test revealed a sig-
nificant difference between the two, with RWS variance=0.01
and LWS variance=0.07 (x%=9.42, p-value=0.002).

Speed difference between RWS and LWS

The paired-sample t-test indicated that RWS (mean=0.73 m/s,
SD=0.09m/s) was significantly lower than LWS
(mean=1.55m/s, SD=0.26 m/s), t3;=—19.9, p-value <0.001.
Additionally, when the data were grouped by study day, the
paired-sample t-tests showed that RWS was significantly
lower than LWS across all three study days: RO (t;o=—9.88,
p-value <0.001), R7 (tjp=—12.49, p-value <0.001), and R13
(to=—14.61, p-value <0.001). The p-values were adjusted using
the Bonferroni correction for multiple comparisons. Refer to
Table 2 and Figure 3 for detailed t-test results.
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Figure 2: Bland-Altman plot and scatter plot comparing RWS (Real-world Walking Speed) and LWS (Laboratory-measured Walking Speed). Panel A:
Bland-Altman plot illustrating the pairwise agreement between two measurements, RWS and LWS, across three study days. The x-axis represents the average
of the two measurements, while the y-axis depicts the difference between them. A dashed horizontal line denotes the mean difference between the two
measurements. Additionally, two dotted lines indicate the lower and upper limits of agreement. The plot is color-coded with three different shades of grey to
differentiate the data points and regression lines corresponding to each of the three study days. Panel A.1 shows comparison of LWS with RWS (all walking bouts).
Panel A.2 shows comparison of LWS with RWS (10-m walking bouts). Panel B: Scatter plot showing the relationship between LWS and RWS, both expressed in
meters per second (m/s). The x-axis represents LWS, while the y-axis represents RWS. Each data point in the plot corresponds to a measurement obtained from
the study. The plot is distinguished by three different shades of grey, each representing data collected on a different study day, together with the respective
regression lines. Panel B.1 shows comparison of LWS with RWS (all walking bouts). Panel B.2 shows comparison of LWS with RWS (10-meter walking bouts).
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Table 1: Bland-Altman and Pearson’s product-moment correlation of
Real-world walking speed (RWS) and Laboratory-measured walking
speed (LWS). Values of the Bland-Altman analysis are given in m/s.

Study day
Method Statistics Combined RO R7 R13
All walking bouts
Bland-Altman Mean bias 0.77 0.83 0.59 0.89
Upper limit of 1.31 1.38 1 1.4
agreement
Lower limit of 0.23 029 0.18 0.38
agreement
Pearson’s product-  Pearson’s correla- 0.19 0.49 0.39 -0.22

moment correlation tion coefficient

Degree of freedom 30 9 9 8
t-value 1.05 1.71 1.27 -0.64
p-value 03 0.12 023 0.54

10-meter walking bouts

Bland-Altman Mean bias 0.82 0.76 0.77 0.95
Upper limit of 128 1.26 1.17 1.35
agreement
Lower limit of 0.36 0.26 0.37 0.55
agreement

Pearson’s product-  Pearson’s correla- 0.42 0.73 045 038

moment correlation tion coefficient

Degree of freedom 30 9 9 8

t-value 25 319 15 115

p-value 0.02 0.01 017 0.28
Effect of test days

The univariate linear regression model applied to the RWS
data revealed a significant effect of test days on RWS
(F5=3.994, p-value=0.03). In contrast, the model fitted to the
LWS data did not show any significant effect of test days

Grassi et al.: Discrepancies in walking speed: real-world vs. lab assessments = 337

(F,=1.548, p-value=0.23) (see Table 3). Post-hoc analysis of the
RWS linear regression results indicated that none of the
pairwise comparisons (R13-R0, R7-R0 and R13-R7) were not
statistically significant: R13-R0 (mean [95 % CI]: 0 [-0.09:0.09],
p-value = 1), R7-R0 (mean [95% CI]: 0.088 [0:0.175],
p-value=0.051) and R13-R7 (mean [95% CI]: -0.088
[-0.178:0.002], p-value=0.057). Refer to Table 4 for a summary
of the post-hoc results and Figure 4 for a graphical repre-
sentation of the pairwise differences.

Discussion

This study provides an important insight into gait assess-
ment within the context of physical impairments, delin-
eating between two distinct methods of assessing gait speed.
Results from the Bland-Altman analysis indicates a lack of
agreement between the two measurements, with LWS being,
on average, greater than RWS by approximately 0.77 m/s
when accounting for all the walking bouts, and 0.82m/s
when comparing against 10-m-long walking bouts. Notably,
as depicted in Figure 2, panel B.1 and B.2, this discrepancy
persisted across all participants and study days. Pearson’s
correlation analysis showed minimal correlation between
RWS and LWS across all walking bouts. However, a positive
correlation (r=0.42) emerged when comparing LWS with the
10-m-long RWS walking bouts, particularly on day RO (r=0.79,
p=0.01). This suggests that on the first day after bed rest,
patients who walked slower during the gait test also tended
to walk slower during unsupervised 10-m bouts. On test days
R7 and R13, the correlation with LWS values weakened
(r=0.45 and r=0.38, respectively), indicating an increasing
gap between patients’ performance in the supervised test
(can-do) and their behavior during unsupervised walking

Table 2: Results of the paired-sample t-test between Laboratory-measured walking speed (LWS) and Real-world walking speed (RWS). Walking speed

values are given as mean + standard deviation and expressed in m/s.

All samples RO R7 R13
All walking bouts
Mean + SD, LWS 1.55 + 0.26 m/s 1.45+ 0.3 m/s 1.55 + 0.23m/s 1.65 +0.22m/s
Mean + SD, RWS 0.78 + 0.16 m/s 0.62 + 0.05m/s 0.96 + 0.07 m/s 0.76 + 0.09 m/s
Absolute difference ([RWS - LWS|) 0.77 m/s 0.83m/s 0.59m/s 0.89m/s
Degree of freedom 31 10 10 9
t-statistics -15.78 -10.02 -9.32 -10.88
p-value <0.001 <0.001 <0.001 <0.001
10-meter walking bouts
Mean + SD, LWS 1.55 + 0.26 m/s 1.45+ 0.3 m/s 1.55 + 0.23m/s 1.65 + 0.22 m/s
Mean + SD, RWS 0.73 + 0.09 m/s 0.7 + 0.06 m/s 0.78 £ 0.1 m/s 0.7 + 0.08 m/s
Absolute difference ([RWS - LWS|) 0.82m/s 0.76 m/s 0.77m/s 0.95m/s
Degree of freedom 31 10 10 9
t-statistics -19.9 -9.88 -12.49 -14.61
p-value <0.001 <0.001 <0.001 <0.001
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Figure 3: Boxplot illustrating the distribution of LWS (Laboratory-measured Walking Speed) and RWS (Real-world Walking Speed), both expressed in meters
per second (m/s). Panels A: Boxplot of the distribution of LWS and RWS for all data points collected. Panels B: Boxplot of the distribution of LWS and RWS by study
day (RO, R7 and R13). Panel A.1 and B.1 show values for LWS and RWS (all walking bouts). Panel A.2 and B.2 show values for LWS and RWS (10-m walking bouts).

(do-do). Combined, it becomes evident that walking in a complicates the interpretation of the Bland—Altman analysis
controlled laboratory settings differs significantly from [34]. This variance difference implies that the bias and limits
everyday ambulation. of agreement are dependent on the range of values used,

Additionally, the variances of LWS and RWS (10-m making the results less generalizable for future applications.
bouts) were statistically different (p-value=0.002), which However, as the aim of the current work was to understand
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Table 3: Results of the univariate linear regression analysis on Laboratory-measured walking speed (LWS) and Real-world walking speed (RWS).

LWS - univariate linear regression model

Coefficients Model
Name Estimate Std. Error t-value p-Value F-statistics Adjusted R? p-Value
Intercept 1.454 0.076 19.164 <0.001 1.548 0.034 0.23
R7 0.096 0.107 0.898 0.377
R13 0.193 0.11 1.759 0.089

RWS (all walking bouts) - univariate linear regression model

Coefficients Model
Name Estimate Std. Error t-value p-Value F-statistics Adjusted R? p-Value
Intercept 0.62 0.022 28.8 <0.001 63.01 0.8 <0.001
R7 0.34 0.03 11.16 <0.001
R13 0.138 0.031 442 <0.001

RWS (10-m walking bouts) - univariate linear regression model

Coefficients Model
Name Estimate Std. Error t-value p-Value F-statistics Adjusted R? p-Value
Intercept 0.7 0.03 27.69 <0.001 3.99 0.16 0.03
R7 0.09 0.04 2.46 0.02
R13 0.00 0.04 -0.01 1.00

Table 4: Results of the pairwise Tukey Honest Significant Difference test
between the three study days (RO, R7 and R13) across Laboratory-
measured walking speed (LWS) and Real-world walking speed (RWS).
Difference in walking speed is measured in m/s and 95 % confidence
intervals (95 % CI) are given.

Comparison Difference (95 % CI) Adjusted p-Value
LWS

R7-RO 0.096 (—-0.169:0.361) 0.646
R13-RO 0.193 (—0.078:0.465) 0.201
R13-R7 0.097 (-0.175:0.369) 0.655
RWS (all walking bouts)

R7-RO 0.34 (0.265:0.415) <0.001
R13-RO 0.138 (0.061:0.215) <0.001
R13-R7 -0.202 (-0.279:-0.125) <0.001
RWS (10-m walking bouts)

R7-RO 0.088 (0:0.175) 0.051
R13-RO 0 (-0.09:0.09) 1.00
R13-R7 -0.088 (-0.178:0.002) 0.057

whether there were discrepancies in the observed walking
speed values, and not to find or establish thresholds or rules
to consider when performing gait tests and assessing Real-
world Walking speed, the Bland-Altman analysis can be
considered appropriate for the current context. Despite the

variance differences, the method effectively highlights the
level of agreements between the two measures, fulfilling the
primary objective of identifying discrepancies without
requiring strict generalizability across varying conditions.
Many factors can be attributed to the observed differ-
ence. Research by Hillel et al. [35] suggests that typical
walking in natural environments more closely resembles
dual-task walking in a controlled environment. Hillel et al.
[35] investigated five commonly used spatial-temporal fea-
tures of gait quality, including gait speed, in three different
settings: in-lab usual walking gait speed, in-lab dual-tasking
gait speed and daily-living gait speed. Comparing the gait
measurements for the three different settings for a cohort of
150 people revealed that in-lab usual walking gait speed does
not agree with measures obtained during daily-living, being
significantly faster than daily-living walking speed. Even in-
lab dual-tasking gait speed measures, which are overall
closer to daily-living gait speed, do not mirror gait speed
during daily-living. Consequently, Hillel et al. concluded
that, generally-speaking, in-lab measures of gait cannot
accurately reflect daily-living gait measures. The findings
are in line with our results, indicating that in-lab measure-
ments (LWS) of gait speed before and after physical
impairment cannot be equated with the daily walking
behavior regarding RWS. Hence, LWS and RWS both contain
valuable information about a person’s gait characteristics,
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04 Figure 4: Family-wise confidence level plot
illustrating differences in mean levels of test
day, expressed in meters per second (m/s) for
LWS (Laboratory-measured Walking Speed)
and RWS (Real-world Walking Speed). The
x-axis displays the differences in mean values
between pairs of test days, while the y-axis
represents the pairwise comparisons. The
mean differences are accompanied by 95 %
confidence intervals, providing a measure of
uncertainty around the estimated means. This
plot aids in visualizing the significance of
differences between test days while
considering multiple comparisons
simultaneously. Panel A: Family-wise confi-
dence level plot for LWS. Panel B: Family-wise

R7-R0{

confidence level plot for RWS (all walking

-0.1 0.0
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however, cannot be treated as equal measurements de-
tached from their environmental contexts.

Furthermore, in another study presented by Kawai [36],
the authors explored the relationship between daily living
walking speed (DWS) and laboratory-measured walking
speed (LWS) in a cohort of 90 elderly individuals. They
intended to find out whether DWS serves as reliable

0.1 bouts). Panel C: Family-wise confidence level
plot for RWS (10-m walking bouts).

indicator of physical function and frailty. Participants were
asked to carry a smartphone equipped with a global posi-
tioning system (GPS) application for measuring their DWS
for one month. During regular checkups, participants per-
formed gait tests in a laboratory to measure LWS at normal
and maximum pace. Kawai et al. showed that DWS and LWS
(both average and maximum measurements) differ from
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Table 5: Summary statistics of the Real-world walking speed (RWS) bouts
used for the second section of the analysis. Summary statistics are pre-
sented for all days (rows Combined) and by study day (rows RO, R7 and
R13). Column Qu. st refers to the first quantile values. Column Qu. 3rd
refers to the third quantile values. Column St. Dev. refers to standard
deviation. Values for Number of bouts are given as count. Values for Bout
distance is expressed in meters (m).

Min. Qu. 1st Median Mean Qu.3rd Max St. Dev.
Number of bouts
Combined 3 12.75 20 20.12 25.75 53 11.05
RO 3 7.5 13 14.73 21 36 10.08
R7 8 14 19 21.18 22.5 53 12.37
R13 7  20.25 265 249 31.75 35 8.67
Bout distance, m
Combined 8.65 9.56 979 9.73 9.85 10.94 0.36
RO 8.65 9.52 9.86 9.78 9.97 10.94 0.56
R7 9.21 9.52 9.75 9.65 9.81 9.87 0.21
R13 9.52 9.65 9.80 9.76 9.82 10.02 0.15

each other with a mean difference of 0.14 m/s and 0.1 m/s,
respectively. While these differences are smaller in magni-
tude compared to those observed in our study (see Table 2 for
gait speed differences overview), they may still hold clinical
significance, as suggested by previous studies [37, 38].
Indeed, the study of Kawai showed that DWS measures can
be associated with physical performance measurements,
hence, Kawai et al. conclude that DWS likely reflects the
participants’ physical function. Both the study by Kawai et al.
as well as the results of our data analysis underscore that
RWS and LWS contain different information about a per-
son’s physical functioning. Kawai et al. also highlight the
potential of DWS to assess adverse health outcomes in the
future as it can be measured over along period of time and in
different situations compared to LWS.

In another study that focused on the robustness of in-
laboratory and daily-life gait speed measures [39], the
interrelation between laboratory and daily life gait mea-
sures was assessed. Gait measures of 189 elderly people in
daily life were collected over the course of one year, as well
as regular and frequent intervals in a laboratory environ-
ment. Calculating the Pearson’s correlations for in-
laboratory and daily-life gait speed revealed negligible to
low correlations for all investigated time points. Even
though overall correlations increased with higher percen-
tiles of daily-life gait speed, the authors only identified a
consistent dissonant relationship between in-laboratory and
daily-life gait measures. The authors concluded that both
types of gait speed measures represent distinct personal
features of a population of elderly people. As bhoth RWS as
well as LWS are clinically relevant measures, investigating
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both measures potentially yield more meaningful insights
into actual daily-life physical behavior and improve pre-
dicting health outcomes.

The present study revealed that only RWS, and not LWS,
was affected by the bed-rest. Conclusion that can be made by
looking at the effect of time that was statistically significant
only for RWS and not LWS, suggesting a decrease of RWS
immediately after bed-rest (RO0) followed by a recovery at R7
(see Table 3 for summary of univariate linear regression
model applied on RWS and LWS). In contrast, previous
studies have reported a significant decline and duration-
dependent recovery in laboratory gait speed associated with
physiological degradation [11, 12, 40-42]. As such changes
were absent in the present, well-controlled study, we
conclude that the transferability and significance of labo-
ratory measurements for the real movement patterns in the
clinical context must be judged very critically and inter-
preted thoroughly. The findings presented herein support
the notion that walking speed assessed in uncontrolled en-
vironments is more sensitive to changes compared to that
measured in controlled settings. This is supported by
Figure 2, panel B.1, where differences in walking speed are
discernible along the y-axis (RWS) but not along the x-axis
(LWS). However, this observed dissimilarity should not be
solely attributed to differences in measurement sensitivity;
it may also stem from distinct underlying mechanisms
involved in task execution, as proposed by Takayanagi [15]
and Hillel [35]. Notably, in Figure 2, panel B.2 are shown the
LWS values plotted against the RWS (10-m bouts), and the
differences discernible along the y-axes in panel B.1 are not
that distinct anymore, with values for R0 and R13 being very
similar. This dissimilarity might hint to the fact that the real-
world mechanisms involved in the execution of short
(~10 m) walking bouts remained relatively stable across the
recovery phase. Lastly, the high wearing time of the tri-axial
accelerometer throughout the study period underscores the
feasibility and practicality of continuous monitoring of RWS
in real-world setting, enhancing the ecological validity of
mobility assessment. However, despite the extensive wear
time, the limited number of samples makes it difficult to
know to what extent the observations can be generalized.
Nevertheless, a post-hoc power analysis yielded a power of 1
(for both “RWS all walking bouts” and “RWS 10-m walking
bouts”), indicating that the sample size was sufficient to
detect significant differences in walking speed, thereby
supporting the robustness of the findings despite the small
sample size. Furthermore, participants were restricted to
move in the DLR wards on 1,000 m? so the ‘real-world’
walking bouts they could make were limited to the different
stations/areas they had to go for e.g., testing/monitoring, etc.
Moreover, it cannot be excluded that participants’ RWS may
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have been influenced by either DLR personnel while walking
together to testing stations or DLR’s ward areas, or by others
study participants. While it is reasonable to assume that
adjustments to walking speed would be made by the DLR
personnel to align with participants’ capabilities, mitigating
the risk of injury or discomfort, this may not always have
been the case when participants from different recovery
days (e.g., R3 and R11) walked together for the DLR’s ward. In
such instances, it is conceivable that one participant may
have had to adapt its RWS to match the other participant’s
RWS, potentially introducing bias to RWS values either up-
wards or downward. Furthermore, participants were
instructed to not overdo physical activity on the first days of
ambulation after bed-rest as they would become extremely
sore from muscle soreness, which might also partially
explain why RWS values are generally relatively low
throughout the whole recovery phase (usually values of RWS
below 0.8 m/s are associated with unfavorable outcomes [4]).
Another limitation that may have introduced bias in the
comparison is the use of a 5-m flying start and stop in the gait
test. This design ensured that the recorded speed reflected
only the participants’ steady-state walking, excluding the
initial acceleration and final deceleration phases, which
would have typically reduced the LWS values. In contrast,
RWS values, derived from real-world walking, included both
acceleration and deceleration phases when calculating daily
averages, leading to generally lower RWS values used in the
analysis.

Conclusions

In conclusion, the observed differences between RWS and
LWS highlight the complexities of mobility assessment par-
adigms and the need for comprehensive evaluation meth-
odologies that encompass both laboratory-based and real-
world assessments. These findings have significant impli-
cations for clinical practice and research, emphasizing the
importance of considering contextual factors and temporal
variations in mobility measurements.
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