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In the pandemic time, the monitoring of the progression of some diseases is affected and rehabilitation is more
complicated. Remote monitoring may help solve this problem using mobile devices that embed low-cost sensors,
which can help measure different physical parameters. Many tests can be applied remotely, one of which is the six-
minute walk test (6BMWT). The 6MWT is a sub-maximal exercise test that assesses aerobic capacity and

endurance, allowing early detection of emerging medical conditions with changes.

six-minute walk test loT systematic review mobile devices telemedicine

| 1. Introduction

The six-minute walk test (6MWT) was officially introduced in 2002 by the American Thoracic Society, providing a
detailed guideline for performing, monitoring, and analyzing the physical conditions of the patients I, It is a sub-
maximal exercise test used to assess aerobic capacity and endurance. Changes in performance capacity are
determined based on the distance covered in six minutes W2, The 6MWT is helpful to evaluate performance and
identify clinical conditions in preschool children (2-5 years), children (6—12 years), adults (18-64 years), and older
adults (65+) with a wide range of diagnoses BI4I3!, Even though the test was initially used to assess patients with
cardiopulmonary issues, it was introduced over time in numerous other conditions [BIZ. |t evaluates the individual's
functional capacity and provides valuable information regarding all the systems during physical activity, including
pulmonary and cardiovascular systems, blood circulation, neuromuscular units, body metabolism, and peripheral
circulation BI® The 6MWT is used for different health conditions, including arthritis, fibromyalgia, geriatrics,
multiple sclerosis, Parkinson’s disease, spinal cord injury, stroke, muscle disorders, spinal muscular atrophy, and
Charcot—Marie—Tooth disease [1QI11],

Motion and inertial sensors embedded in different devices have been used to monitor the 6MWT performance with
diverse populations BB For example, Qureshi et al. 12 examined the changes in gait speed and gait cycle
length variance over six minutes and the relationships between these variables with functional systems scores,
modified fatigue impact scale, and multiple sclerosis walking scale. On the other hand, Daines et al. 2! used the
6MWT to develop a smartphone sensor-based fall-risk classification method in persons with lower-limb
amputations. In the same line, Drover et al. ¥ developed a wearable sensor-based faller classification method for
older adults using accelerometer-based features from walking and turns during the 6MWT. Therefore, according to
the existing evidence, the 6MWT can help track performance changes and detect emerging medical conditions

early.
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Despite the increasing work, to our best knowledge, no study synthesized the available evidence regarding the
monitoring and detection of emerging medical conditions during the 6MWT using motion and inertial sensors. For
example, a previous systematic review examined studies that used wearable inertial sensors for the gait
assessment during the 6MWT 131, However, the study only focused its review on wearable sensors for gait
assessment, and none of the articles included pediatric populations 131, Therefore, in this systematic review, we
aim to synthesize the current state-of-the-art approaches for monitoring the 6MWT performance in a wide range of
clinical populations. Furthermore, we focus on technological solutions to automate the 6MWT to be performed and
measured at persons’ homes without medical personnel supervision. Additionally, we analyze the benefits of its
continuous measurement and discuss the potential benefits regarding recovery and early detection of emerging

medical conditions.

Different medical conditions need solutions for remote treatment and monitoring. As the sensors are available in
commonly used mobile devices, and various physical tests can be performed independently by the population, the
automatic analysis of the data can help detect multiple diseases. Automated detection is focused on using
technology with artificial intelligence techniques and statistical analysis to identify different patterns related to
walking, falls, and others. The system that will be developed will promote continuous measurement with the
sensors, and the medical doctors can check the progression of its medical conditions remotely. The performance of
these measurements is important for recovering some diseases, e.g., stroke, early detection of diseases, e.g.,
Parkinson’s disease, or continuous monitoring, e.g., older adults. Other conditions can be monitored, and further

development will benefit the system.

| 2. Current researches

As presented in Figure 1, we identified 341 records from the selected sources. After analyzing each research
article’s title and abstract, 231 papers were excluded by the unrelated 6MWT. Next, the literature reviews were
excluded, resulting in the exclusion of 27 studies. Another reason for exclusion was the article type, excluding 18
conference abstracts. Then, the full text of the remaining 65 papers was analyzed, resulting in the exclusion of 16
studies that did not consider the sensors. Additionally, 13 studies were excluded because the purpose is not
directly related to the 6MWT, 3 studies that did not mention the population or sample studied, and 5 studies that did
not present the results. Finally, the remaining 31 research articles were examined and included in the qualitative

and quantitative syntheses.
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Figure 1. Flow diagram of the selection of the papers.

The selected studies were examined to extract the relevant data. The query performed in this study retrieved
papers published between 2016 and 2021. As reported in Table 1, six studies (19%) were published in 2021,
seven studies (23%) in 2020, six studies (19%) in 2019, four studies (13%) in 2018, four studies (13%) in 2017,
and four studies (13%) in 2016. Regarding the location of the different studies, eight studies (26%) were performed
in the USA, five studies (16%) in France, three studies (10%) in Italy, three studies (10%) in the UK, four studies
(13%) in Canada, two studies (6%) in Switzerland, and the remaining studies (3%) in different countries, including
Brazil, Belgium, Egypt, Australia, Israel, Korea, and Germany. Regarding the sensors used, 29 studies (94%) used
motion and inertial sensors embedded in different devices, and the remaining 2 studies used Diffusion Tensor
Imaging and Global Positioning System (GPS). Only four studies (13%) did not have medical collaboration.
Regarding the type of methods implemented, most (97%) implemented statistical methods for the analysis, and
only two studies (6%) used machine learning methods. Finally, 10 studies (32%) were related to multiple sclerosis,
6 studies (19%) to pulmonary diseases, 3 studies (10%) to heart diseases, 2 studies (6%) to brain injuries, 5

studies (16%) to bone diseases, 1 study (3%) to kidney diseases, and 3 studies (10%) did not define any disease.
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The authors of 14 used wearable sensors embedded in a BeatWalk device, including ankle-worn and inertial
sensors, and individualized musical stimulation for gait auto-rehabilitation with 6MWT performance. A total of 45
patients with Parkinson’s disease have gait disorders, but they walk without aids, aged 65 *+ 9 years old, with
moderate disease severity. The test was applied before and after the rehabilitation program, revealing that, on
average, the distance walked increased by 17.63 m, the number of steps per minute increased by 3.07, the velocity
increased by 0.04 m/s, the stride length increased by 0.02 m, and the asymmetry index decreased by 0.01%. The
comparison was performed with Wilcoxon signed-rank test, and the whole data was also tested with Chi-squared
tests or Fisher’s exact tests. The authors used musical stimulation during the experiments to improve the results on
the 6MWT, where they verified that the results improved during and after the training program was applied. The
6MWT is an easy test that allows the authors to evaluate the gait auto-rehabilitation at home. The sensors were

used to acquire the spatiotemporal gait parameters to control the variations during the drug cycle.

Hadouiri et al. 13! used the GAITRite walkway system (CIR Systems Inc., Franklin, NJ, USA) and the software
PKMAS (ProtoKinetics, Havertown, PA, USA) for the measurement of different spatiotemporal variables during the
6MWT, including velocity, number of steps per minute, stride length, stride width, and double support time. In
addition, the authors evaluated the performance of the inverted pendulum (IP) algorithm and an adaptation
correcting for lateral step movement. The study consisted of the analysis of 45 patients with multiple sclerosis and
24 healthy individuals. The test was applied before and after the rehabilitation program in the two groups.
Regarding the patients with multiple sclerosis, the values revealed that, on average, the distance walked increased
by 19 m, the number of steps per minute increased by 3.4, the velocity increased by 0.05 m/s, the stride length
increased by 0.01 m, the stride width maintained, and the double support time decreased by 0.89%. Regarding the
healthy people, the values revealed that, on average, the distance walked increased by 34 m, the number of steps
per minute increased by 5.58, the velocity increased by 0.11 m/s, the stride length increased by 0.03 m, the stride
width maintained, and the double support time decreased by 1.2%. Additionally, the data analysis was performed
with SAS version 9.4 (SAS Inc., Cary, NC, USA), measuring the mean and standard deviation of the acquired
values. Finally, its homogeneity was evaluated with Kolmogorov—Smirnov and Levene’s tests. Thus, the authors
accurately measured different spatiotemporal variables during 6MWT, which were used to adapt the rehabilitation

care depending on the particular situation of other patients.

In 18] sensorized insoles (FlexInFit®, Sensormedica, Guidonia Montecelio, Rome, Italy) were used by two groups
of participants with a total hip replacement, such as the experimental group composed of 19 patients and the
control group formed by 21 patients to analyze the visual biofeedback effect for plantar pressure dynamic
evaluation. The participants in the experimental group were, on average, 64.12 years old, with a height of 166.42
cm, and a weight of 72.74 kg. The participants in the control group were, on average, aged 61.30 years old, with a
height of 172.00 cm, and a weight of 86.29 kg. The analyzed parameter related to the 6MWT was the distance.
Thus, the experimental groups reported 194.3 m before the surgery and 308.4 m after the surgery. Additionally, the
control group reported, on average, 187.5 m before the surgery and 310.2 m after the surgery. The data were
analyzed with Shapiro-Wilk test to test the normality of the average, Pearson’s chi-squared test to test the
associations between variables, Student’s t-test, and the analogous nonparametric Mann—Whitney U to test the

different variables with the STATA statistical software version 14 (Stata Corporation, College Station, TX, USA,
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2015). The authors used the 6MWT to determine the ability to walk after a total hip replacement. The sensors were

used to easily measure the different distances during the rehabilitation phase and estimate the timeline to recovery.

Sagawa et al. 1 recruited 41 participants with multiple sclerosis and 16 healthy individuals as the reference group
to determine the level of activity and establish associations between clinical parameters. The participants with
multiple sclerosis were, on average, aged 51.3 years old, with a height of 1.67 m, and a weight of 75.4 kg, and they
were mainly female persons. The healthy participants were, on average, aged 48.7 years old, with a height of 1.72
m, and a weight of 72.3 kg. The authors only measured the distance of the 6MWT, reporting an average of 267 m
in participants with multiple sclerosis and 649 m in healthy participants. The Statistica version 10 (StatSoft, Tulsa,
OK, USA) was used to evaluate the mean values with Student’s t-test, Chi-square test, one-way analysis of
variance, and Tukey post-hoc tests. The 6MWT was used to measure the maximum distance walked for 6 min and

the endurance of walking. The sensors were used to measure the different variables easily.

The authors of 28 used a mobile application that collects data from inertial sensors, a global positioning system
(GPS) receiver, and a Bluetooth pulse oximeter for the assessment of the accuracy of the indoor 6MWT in clinical
settings, the validity, and test—retest reliability of outdoor 6BMWT in the community, the compliance, usability, and
acceptance of the mobile application, and the feasibility of pulse oximetry during the 6MWT. For the performance of
the tests, 30 individuals who participated with pulmonary hypertension were recruited, where 37% were male, and
63% were female, and their age, on average, was 50 years old. The participants used different devices, where
three 3 patients used Android phones, twenty 20 used Apple iPhones, and nine 9 used both. In addition, the
authors collected various features, e.g., distance. Finally, they were analyzed with statistics for the differences and
Bland—Altman plots, revealing that the mobile application was sometimes inaccurate. Still, the results were
correlated with the conventional application of the test. The 6MWT was used to assess the distance walked in
patients with pulmonary arterial hypertension, where the sensors allow the quick computation of the walking

distance in indoor and outdoor environments.

Tan et al. 12 recruited 11 patients aged between 20 and 60 years old with an average of 46 years old with spinal
cord injuries. The participants used an optical motion capture system (Optotrak Certus; Northern Digital, Waterloo,
ON, Canada) to track movements of infrared light-emitting rigid body sensors to examine the walking performance
and intralimb motor coordination. For this purpose, the authors measured the distance. First, they performed
different statistical tests with SPSS® 24 statistical software (Version 22, IBM Inc., Armonk, NY, USA), including
Shapiro—Wilk's test, Levene's test, Greenhouse—Geisser corrections, linear mixed model, repeated-measures
analysis of variance (rmANOVA), and Mann-Whitney U tests. The results revealed an increased distance in the
performance of the 6MWT. Next, the authors used the 6MWT to quantify the walking performance. Finally, the
sensors were used to track the motion of the fifth metatarsophalangeal, ankle, knee, and hip joints to correct the

test’'s evaluation.

In 29, the authors investigated the presence of local dynamic stability of gait in 80 patients with multiple sclerosis
with minimal impairment and 20 participants in a control group during the performance of the 6MWT at their

maximum speed. The different variables were measured with inertial sensors, calculating the short-term
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Lyapunov’s exponents. The acquired data were tested with the Wilcoxon rank-sum test, Fisher’s exact test, and
mixed-design ANOVA, revealing that the gait speed was lower in patients with multiple sclerosis, high impact of
fatigue, and poor balance. The authors used the 6MWT to assess the gait speed during its performance, where the

used sensors allow the easy measurement of the gait speed, promoting remote monitoring.

Gulart et al. 21 used an accelerometer sensor to determine the cut-off point for the London Chest Activity of Daily
Living scale to discriminate better functional status and the scores associated with clinical outcomes of a
pulmonary rehabilitation program. They analyzed 61 patients with chronic obstructive pulmonary disease who
were, on average, 65.5 years old, with a height of 1.67 m, and a weight of 72.7 kg with the distance measurement
during the 6BMWT. The acquired data were analyzed with SPSS Statistics 20.0 software to apply the Shapiro—Wilk
test and calculate the Spearman correlation coefficients. The final comparisons were performed with Mann—
Whitney U test, resulting in low correlations. In addition, the authors used the 6MWT to measure the distance

walked during the test, where the use of sensors allows its calculation more accurately.

The authors of (22l use the steps measured by a Mi Band 2 device to evaluate its validity and reliability during the
6MWT performance. The study was composed of 14 healthy individuals, which, on average, were 23 years old.
The study consisted of measuring the distance and speed during the test for further analysis. The analysis was
performed with SPSS Statistical Software (Version 21), measuring the percent errors in the right and left wrist,
comparing them with sample t-tests, and calculating the intra-class correlation coefficients. During the test, the
patients walked, on average, 528 m with a speed of 5.3 km/h. The 6MWT is an easy test that allows the
measurement of the number of steps during its performance. In addition, sensors were used to assess the validity

and reliability of the Mi Band 2 wearable activity monitor.

Plotnik et al. (23] used six Opal motion sensor-based gait analysis systems (APDM, Portland, OR, USA) to assess
gait asymmetry and bilateral coordination of gait during the 6MWT. They recruited 92 patients with multiple
sclerosis and grouped them by disease severity. During the test, the authors acquired the distance covered and
gait variably, performed the repeated measures ANOVA treating each 1 min interval, and calculated the correlation
coefficients for each variable. They concluded that patients with lower severity presented better results. The 6MWT
allows the assessment of persons with multiple sclerosis. The commodity and accurate measurement are
important for the different measurements, where the sensors may be robust for these measurements for the other

patients.

In 241 the authors used motion and heart rate sensors to compare the 6MWT in 107 patients with different stages
of mitral and aortic valve disease. The patients were, on average, aged 66 years old, where 38 have aortic valve
diseases, and 69 have mitral valve disease. Furthermore, since 65 participants were male, multiple correlations
were performed between gender and disease types. Finally, on average, the participants walked 519 m during the
6MWT. Still, only 96.71% achieved the target of the distance. The 6MWT is commonly used to measure exercise
tolerance and predict patient-centered outcomes, allowing the assessment of the exercise capacity and the

comparisons between patients. Furthermore, it is important to evaluate the effects of therapeutic interventions and
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prognosis. In addition to the sensors facilitating the measurement of the distance walked, heart rate sensors detect

different events to differentiate the tachyarrhythmia and activity.

The authors of 23 used a 6-channel head coil on a 1.5 T Philips Gyroscan Intera (Philips, Best, The Netherlands)
with single-shot echo-planar imaging to measure the changes in vestibulospinal tract and parietoinsular vestibular
cortex, and relation to the balance between old and young healthy adults. Regarding the 6MWT, the authors
measured the distance in 11 old adults and 12 young adults. The old adults were, on average, aged 63.36 years
old, with a height of 1.63 m, and a weight of 62.82 kg. The young adults were, on average, aged 28.42 years old,
with a height of 1.71 m, and a weight of 66.42 kg. In addition, the participants were compared with the Mann—
Whitney U test and independent t-test, showing a significant decrease in older adults. The 6MWT was used to
analyze motor control, using the sensors to measure the distance to detect the changes in different aged

participants.

Zeitlberger et al. [28] used a smartphone application to assess self-measured objective functional impairment with
the 6BMWT in three patients with lumbar degenerative disc disease with a GPS receiver. Unfortunately, the authors
did not perform statistical tests with the distance measured. Still, on average, the reported values were between
381 m and 624 m. Thus, the 6MWT easily allows the assessment of functional impairment. Furthermore,
measuring the distances with sensors allows easy measurements in the home environment to monitor the diseases

constantly.

In 24, the authors used two inertial sensors (Physilog®4, Lausanne, Switzerland) placed on each foot with velcro
strips and calculated 25 gait parameters in 20 participants with lower-limb amputation. They were, on average,
aged 59 years old, with a height of 1.73 m, and a weight of 74.27 kg. The authors used the R software 3.3.3 to
apply ANOVA and Wilcoxon signed-rank tests with the stance, flat foot ratio, minimal toe clearance, cadence, and
speed, measured during the 6MWT. As a result, the average values of the stance increased by 0.25%, the flat foot
ratio decreased by 3.41%, the minimal toe clearance decreased by 4.91 mm, the cadence decreased by 0.07
steps/min, and the speed was maintained. Thus, the 6MWT was instrumental in this research to monitor the
evolution of different gait parameters after amputating a lower limb. Furthermore, it allowed the medical personnel

to adapt the rehabilitation protocol depending on personal parameters and recovery speed.

The authors of 28 proposed using a proprietary device named SWING wearable multi-sensor system, which
integrates an accelerometer, a gyroscope, a magnetometer, and up to three time-of-flight distance sensors. It was
used to create a step counter based on the direct measurement of inter-leg distance. The number of participants in
the study were five women and eight men with an average age of 42 years old, an average height of 1.74 m, and
an average weight of 75 kg. The measurement of the distance reported an error of 2%. Thus, the 6MWT allowed
reliable and relevant measurements of inter-leg distance and accurate step counting using sensors to monitor the

progression of patients with multiple sclerosis.

Camp et al. 29 proposed using the SenseWear triaxial accelerometer to assess convergent, discriminant, known-

group validity and floor/ceiling effects of the de Morton Mobility Index with the performance of the 6MWT. The 22
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participants with acute exacerbation of chronic obstructive pulmonary disease had an average age of 60 years old,
mainly had smoking habits and walk with aids. The sensors reported the distance and gait velocity during the test,
and the data were analyzed with the SAS 9.4 (SAS Institute, Cary, NC, USA) to estimate the Spearmen’s
correlations. The results reported a moderate positive correlation (i.e., correlation coefficient equals 0.61), which
showed moderate to strong validity of the implemented method. In this research, the 6MWT was a feasible metric
to perform mobility assessment in hospitalized patients with an acute exacerbation of chronic obstructive
pulmonary disease. Similar to other research, the different measured parameters with sensors allowed the

identification of distinct patterns in the disease progression and the recovery process.

In B9 the authors used three devices, including D-Jogger (Sennheiser, Hamburg, Germany), two iPod devices
(Apple, California, USA), and three OPAL wearable sensors (Mobility Lab, APDM, Portland, OR, USA) to measure
the spatiotemporal gait parameters and establish the comparison between patients with multiple sclerosis and
healthy people. They recruited 31 patients with multiple sclerosis with an average age of 53.45 years old, an
average height of 1.71 m, and an average weight of 69.10 kg. Additionally, 30 healthy individuals were recruited
with an average age of 51.77 years old, an average height of 1.70 m, and an average weight of 71.15 kg. During
the 6BMWT performance, the distance was measured and further analyzed with Shapiro—Wilk test, ANOVA test,
Student t-test, and Turkey’s test with the SAS JMP Pro 13.2.0 (SAS Institute Inc., Raleigh, NC, USA). The results
reported an average distance of 377.56 m in patients with multiple sclerosis and 559.46 m in healthy people. The
authors measured the parameters with this test and correlated them with perceived fatigue. Thus, it allowed the
establishment of some patterns about how different parameters can help identify patients’ fatigue with multiple
sclerosis. Moreover, the authors established a variability of these parameters about whether the test was

performed with a metronome, in silence, or to music.

The authors of B recruited nine participants with relapsing-remitting multiple sclerosis with an average age of 45
years old and 26 healthy individuals with an average age of 45 years old. They performed the 6MWT equipped with
seven wireless inertial sensors MIMUs (Xsens MTw, Xsens Technologies, Enschede, The Netherlands). Each one
was placed on the pelvis and thigh, shank, and foot of both lower limbs to measure the changes in gait kinematics
due to fatigue. The features extracted from the acquired data are the range of motion related to hip, knee, and
ankle joint, tested with the Shapiro—Wilk test, and Student t-test. The reported results discovered significant effects

of walking-related fatigue on gait kinematics with reducing the range of motion during the performance of 6MWT.

Tousignant et al. 32 used biomedical sensors wirelessly transmitting a real-time ECG signal (180° eMotion Faros
device), oxygen saturation, and heart rate (Nonin WristOx2 3150 device) to evaluate its feasibility in
telerehabilitation based on 6MWT. Four male participants with heart failure disease were recruited with an average
age of 66.25 years old. However, only statistical measurements have been performed, verifying that the mean
variation of walking distance was 44 m. Thus, even though this paper illustrates that sensors are beneficial for

obtaining reliable measurements, it did not systematically and thoroughly analyze the direct benefits of the 6MWT.

The authors of B8l researched the relationship between lower limb muscle activation patterns and chronic gait

deficits in individuals who previously experienced a traumatic brain injury with accelerometer and
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electromyography sensors. The sensors measured different parameters, including the distance and walking speed
during the 6MWT performance. The study included 44 individuals after traumatic brain injury, which had, on
average, 53.4 years old, and 28 were females. Additionally, 20 healthy control subjects, which had, on average,
25.3 years old, and 10 were females, were included. The acquired data was tested with SPSS Statistical Software
(v. 24, IBM Corp., Armonk, NY, USA), implementing the Mann-Whitney U tests, Shapiro-Wilk’s test, and
Spearman’s rank-order correlation. The results reported that the average distance in the experimental group was
386 m, whereas the standard distance in healthy subjects was between 400 m and 700 m. Additionally, the results
were not correlated to walking speeds. Performing such an analysis was only possible because of using systematic

sensory measurements.

In 341 the authors used inertial sensors (RehaGait) capturing three-dimensional foot accelerations to evaluate the
acceleration gait and the exercise-induced changes in patients with symptomatic lumbar spinal stenosis. The
6MWT was performed by 24 healthy individuals, where 9 were males and 15 were female, and they were, on
average, 59.9 years old, with an average height of 1.69 m, and an average weight of 68.5 kg. Additionally, the test
included 19 patients with symptomatic lumbar spinal stenosis, where 11 were males and 8 were female, and they
were, on average, 73.8 years old, with an average height of 1.68 m, and an average weight of 75.8 kg. The data
were analyzed with SPSS Version 21 (IBM Corporation, Armonk, NY, USA), measuring the results of the Shapiro—
Wilk test, the Mann-Whitney U test, the ANOVA test, and the Bonferroni post-hoc tests. The average distance
measured with healthy individuals was 410.7 m, and the value of the patients with symptomatic lumbar spinal
stenosis was 361.4 m. Thus, the 6MWT and the inertial sensor-based measurements allowed the authors to
perform statistically significant analysis and comparison of healthy and patients with symptomatic lumbar spinal

stenosis.

D'Alessando et al. 32 assessed the prevalence and correlation of sarcopenia among elderly male patients with
chronic kidney disease based on SenseWear Armband (SWA, BodyMedia, Inc., Pittsburgh, PA, USA) for the
measurement of the distance walked during 6MWT. The participants included 80 patients over the age of 60 with
an average weight of 80.6 kg, 40 patients aged 75 or over with an average weight of 77.3 kg, and 40 patients aged
between 60 and 74 with an average weight of 84 kg. The distance walked during 6MWT was analyzed with SPSS
v.25 (SPSS Inc., Chicago, IL, USA), performing descriptive analysis. The reported average values were 282 m for
the patients aged 75 or over and 336 m for those between 60 and 74 years old. The authors identified that the
average daily physical activity was lower in the older seniors than younger ones based on the performed
measurements. Furthermore, among older seniors, sarcopenic and non-sarcopenic ones differed in age and

performance on the 6MWT.

The authors of B8 also used the GAITRite walkway system (CIR Systems Inc., Franklin, NJ, USA) for the
measurement of the effect of vascularized fibula free flap (VFFF) harvesting on spatiotemporal gait variables,
including distance, cadence, velocity, stride length, stance, and step length, during the 6MWT. The participants in
the study were 11 patients with vascularized fibula free flap and 11 healthy individuals. The patients with
vascularized fibula free flap were, on average, 59 years old, with an average height of 1.70 m, and an average

weight of 66 kg. The healthy individuals were, on average, 53 years old with an average height of 1.72 m and an
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average weight of 72 kg. The analysis of the acquired data was performed with Statistica version 10 software (Stat-
Soft, Inc., Tulsa, OK, USA), measuring the results with descriptive statistics, implementing Mann—Whitney U test,
ANOVA test, and Wilcoxon signed-rank test. The average results revealed that the distance was 436 m in patients
with vascularized fibula free flap and 632 m in healthy individuals. Next, the velocity along the test decreased 0.1
m/s in patients with vascularized fibula free flap and 0.01 m/s in healthy individuals. Sequentially, the stride length
along the test decreased 0.02 m in patients with vascularized fibula free flap and 0.04 m in healthy individuals.
Next, the cadence along the test decreased 2.2 steps per minute in patients with vascularized fibula free flap and
4.0 steps per minute in healthy individuals. Sequentially, the stance along the test increased 0.02% in patients with
vascularized fibula free flap and 0.35% in healthy individuals. Finally, the step length along the test was maintained
in patients with vascularized fibula free flap and decreased 0.01 m in healthy individuals. With the help of the
6MWT, the authors were able to identify a significantly lower velocity between the beginning and end periods only
for the VFFF group, suggesting an alteration in physical management. In conclusion, these results indicate that

VFFF harvesting could alter gait and joint integrity.

In 87 the authors used spirometry to assess the metabolic disturbance and its reflection on the muscular state in
interstitial pulmonary fibrosis patients. Three groups of 22 patients were analyzed, including normal people with an
average of 48.9 years old, interstitial pulmonary fibrosis patients with an average age of 55.8 years old, and
another group with interstitial pulmonary fibrosis patients with an average age of 51.1 years old. The data were
analyzed with SPSS Statistical Software v22 (SPSS Inc., Chicago, IL, USA) for the performance of descriptive
statistics, Chi-square or Fisher exact tested proportion independence, ANOVA test, paired t-test, and Mann—
Whitney tests. The tests revealed that the average distance during the performance of 6BMWT was higher (+148.4

m) in patients without oxygen therapy.

Kennedy et al. B! also used the GAITRite walkway system (CIR Systems Inc., Franklin, NJ, USA) to research
changes in spatiotemporal gait parameters and functional ambulation with several assessments, including the
6MWT. In the study, 27 children with Charcot—Marie—Tooth disease performed the assessments, in which 18 were
males, the average age was 12.2 years old, the average height was 1.52 m, and the average weight was 47.1 kg.
In addition, the authors performed initial assessments and another set of evaluations after 12 months, where the
distance during the test was on the parameters measured. The acquired data were analyzed with the Stata
(version 14) software package, descriptive statistics, and Shapiro—Wilk test results. The analysis revealed that the
results slightly decreased, i.e., the average distance decreased 1 m in 12 months. The different parameters
measured by the sensors during the 6MWT were instrumental in this analysis for an objective comparison between

the other groups.

The authors of 8 used BioStampRC devices (MC10, Inc., Lexington, MA, USA), MTx inertial sensors (Xsens
Technologies B.V., Overissel, The Netherlands), and tri-axial activity tracker GT3X (Actigraph, Pensacola, FL,
USA). The sensors were used to measure gait characteristics, including the distance walked during 6MWT, the
number of steps, the stride time, the swing time, and the step time of 45 patients with multiple sclerosis and 15
healthy subjects under controlled conditions. The measurements were analyzed with MATLAB code (The
MathWorks, Natick, MA, USA) and IBM SPSS Statistics for Windows (version 22; IBM SPSS Inc., Armonk, NY,
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USA). The software was used to perform descriptive statistics, Bland—Altman plots, ANOVA analysis, and Mann—
Whitney U test for post-hoc analysis. The average distance and the average step number decreased with the
severity of the disease. On the other hand, the average stride time, the average swing time, and the average step

time increased with the severity of the disease.

In B2 Jow-cost motion sensors were used to assess the functional capacity in older adults with chronic obstructive
pulmonary disease. For this purpose, the 6MWT was applied, and the distance was measured. The sample in the
study consisted of 49 individuals, where 30 were males and 19 were female. Firstly, the male subjects were, on
average, aged 72 years old, with an average weight of 86.5 kg, and an average height of 1.75 m. Secondly, the
female subjects were, on average, aged 71 years old, with an average weight of 71.4 kg, and an average height of
1.59 m. Finally, the whole sample was aged 72 years old, with an average weight of 80.7 kg, and an average
height of 1.69 m. The data analysis was performed with JMP version 11 (SAS Institute, Inc., Cary, NC, USA),
measuring the different correlations. They also used the multivariable linear regression model, Shapiro—Wilk test,
and paired t-test to obtain the results. The results showed a higher average distance in male subjects than female

subjects based on the measurements during the 6MWT.

Cheng et al. [2%9 ysed the accelerometer and spirometry sensors to create classification models to measure the
pulmonary function in 24 patients. The features were extracted with a feature selection approach, where one of
them was the cadence. The patients were, on average, aged 76 years old, with an average height of 1.67 m, an
average weight of 83 kg, and only nine were female. The data were analyzed with support vector machine (SVM)
models, reporting that the patients may use their mobile phones to support automatic computation of pulmonary
function. In addition, the accelerometer and spirometer sensors provided reliable time-series data that contained

patterns related to the different conditions of the patients.

The authors of (41 used only the accelerometer sensor to implement several models to monitor cardiopulmonary
conditions, and they created a new model named DPClass. The study included 55 pulmonary patients and 11
healthy subjects to measure the cadence and velocity with the sensors’ data. Thus, the authors implemented linear
and radial basis function (RBF)—SVM models, decision trees, and the DPClass model with pattern classification
techniques. The overall results reported that the best accuracy was achieved with the RBF SVM model. The
second one was the DPClass model, proving the reliability of the implemented model. Ultimately, the whole
approach was reliable on the accelerometer measurements to facilitate the corresponding analysis of the

cardiopulmonary conditions.

In 22 the GAITRite walkway system (CIR Systems Inc., Franklin, NJ, USA) was also used to establish the
relationship between the walk ratio and other measurements in 229 patients with multiple sclerosis. On average,
the patients were aged 43.4 years old, with a height of 1.68 m, a weight of 69.4 kg, and the gender distribution
consisted of 143 females and 86 males. The authors acquired the distance during the 6MWT. It was also compared
with descriptive statistics, correlation coefficients, and ANOVA tests with SPSS software (Version 23.0 for Windows,

SPSS Inc., Chicago, IL, USA). The results reported an average distance of 423.4 m with a low correlation with walk
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ratio. Thus, the measure of gait control through the walk ratio was facilitated by the 6MWT measurements of
patients with multiple sclerosis.

Qureshi et al. 19 a blockchain-based service network (BSN) platform called TEMPO3.1 analyzes changes in gait
speed and gait cycle length variance during 6MWT, determining the relationships between these variables and
functional systems scores, modified fatigue impact scale, and multiple sclerosis walking scale. The study recruited
28 patients with multiple sclerosis aged between 18 and 65 years old. The results reported that fatigue was high in

the analyzed patients, and it reported high variance in the gait cycle length in the last minute of the test.
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