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Summary
Background Wearable digital health technologies offer a unique opportunity to assess gait at the stride level in real-
world settings. Walking impairment is a major cause of disability in multiple sclerosis (MS), yet current clinical 
metrics lack sensitivity to early and progressive changes in mobility.

Methods We conducted two studies (NCT04888689/NCT04882891) using a wearable device to develop and validate 
digital mobility outcome measures based on individual strides in patients with MS. First, we assessed technical 
performance in a controlled, single-center environment between September 12 and September 18, 2021. We then 
conducted a 12-month longitudinal study under daily living conditions across six sites between March 2021 and 
January 2024. The evaluated metrics included stride velocity 95th centile, walking distance 90th centile, and 
strides per hour.

Findings The controlled and longitudinal studies included 21 and 78 participants, respectively. The device demon-
strated high stride detection accuracy (precision: 0⋅99) and a mean absolute error in stride velocity of 0⋅019 m/s. In 
the longitudinal study, stride velocity 95th percentile showed excellent reliability (ICC (2,1) = 0⋅97, SEM = 0⋅06) and 
strong agreement with Expanded Disability Status Scale (Spearman’s rho = 0⋅65, p < 0⋅001) and Timed 25-Foot Walk 
(Spearman’s rho = −0⋅71, p < 0⋅001), sensitivity to 12-month progression in both relapsing–remitting and 
progressive MS (p = 0⋅049 and p = 0⋅006, respectively), outperforming the Expanded Disability Status Scale. 
Walking distance 90th percentile and strides per hour were reliable and valid but less sensitive to progression.

Interpretation Stride velocity 95th percentile derived from real-world, stride-level data, provides a valid, reliable, and 
sensitive digital outcome for detecting MS progression. It may serve as an early indicator of progression and support 
the accelerated evaluation of treatments targeting progression.
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Introduction
Over recent years, a clear trend towards the use of 
wearable technologies has emerged across many 
neurological conditions. 1 Digital outcomes allow 
objective, continuous, and precise quantification of 
disease progression. 2 The higher temporal resolution 
and real-world relevance of digital outcomes poten-
tially provide significant advantages over conventional 
assessments, which are often limited to periodic in-
clinic visits and subjective evaluations. Nevertheless, 
few digital outcomes have been used as primary or 
secondary endpoints in clinical development in 
neurology, and even fewer have reached the final step 
in regulatory qualification pathways. 3 In the context of 
ambulation, most outcomes are captured by 
consumer-available actimeters and assess the number 
of steps, with limited ability to reliably access stride-
level data. 4 Advances in inertial sensors and signal 
analysis have improved the precision of human 
movement analysis. 5 This provides a unique opportu-
nity for the identification and measurement of indi-
vidual strides during normal daily living 6 rather than 
relying on estimates of patient activity. This represents 
significant advancement for wearable technology 
beyond the simple metric of “steps per day” or even 
walking-bouts metrics.

Shifting from basic step counting to detailed stride 
analysis potentially provides a deeper and more clini-
cally valuable understanding of human ambulation. 
Stride velocity 95th centile (SV95C) represents the 
spontaneous 5% fastest stride in daily living. It was 
qualified in 2023 by the European Medicines Agency for 
use as a primary endpoint in clinical trials for 
Duchenne muscular dystrophy (DMD) provided it is 
measured using a valid and suitable wearable digital 
health technology (wDHT). 3 This first qualification of a 
digital outcome for use as a primary endpoint in clinical 
trials demonstrates that regulatory agencies recognize 
that well-validated digital endpoints can capture the 
clinical experience and consider their use in the drug 
approval process. 3 This technology opens opportunities 
in other neurological conditions where progressive loss 
of ambulation is a key component, such as multiple 
sclerosis (MS). Clinically relevant concepts of interest in 
MS, such as gait speed, 7 could be investigated more 
precisely, enabling earlier detection of impairment. 

MS is an acquired inflammatory demyelinating 
disorder of the central nervous system that affects 2⋅9 
million individuals worldwide 8 with an increasing 
prevalence. It is characterized by inflammation and 
neurodegeneration, leading to a broad spectrum of 
clinical manifestations and levels of disability with gait

Research in context

Evidence before this study
We searched PubMed and ClinicalTrials.gov up to November 
2025 for studies evaluating digital outcomes to monitor 
ambulation in people with multiple sclerosis (MS), using 
search terms including “digital mobility outcomes”, 
“wearable sensors”, “gait analysis”, and “multiple sclerosis”. 
Most studies reporting the use of wearable digital health 
technology (wDHT) to assess ambulation in MS have 
explored step counts and physical activity monitoring using 
consumer-grade actimeters or smartphone-based tools. 
Some digital outcomes demonstrate promising metric 
properties, including known-group and convergent validity, 
but only a few exhibit sensitivity to change. Regulatory 
agencies have expressed interest in digital gait-speed 
outcomes, but no digital endpoint has yet achieved 
qualification for MS trials. Stride-level metrics, such as stride-
velocity percentiles, have been qualified only in 
neuromuscular diseases such as Duchenne muscular 
dystrophy and have not been systematically investigated in 
MS.

Added value of this study
This is the first study to evaluate stride-level metrics derived 
from a validated wDHT in ambulatory patients with MS

across both controlled and real-world conditions. We 
demonstrate the analytical validity, high reliability, and 
sensitivity to change of stride velocity 95th centile (SV95C), 
walking-distance 90th centile (WD90C), and strides per hour 
as digital outcomes. SV95C, in particular, shows strong 
psychometric properties and the ability to detect 1-year 
ambulation decline in both progressive and relapsing-
remitting MS, outperforming standard clinical measures such 
as the Expanded Disability Status Scale and the Timed 25-
Foot Walk in this population.

Implications of all the available evidence
Digital outcomes based on individual stride analysis may 
represent a promising innovation for objectively monitoring 
MS-related disability progression. In particular, SV95C 
appears to be a viable candidate for use as a surrogate or 
exploratory endpoint in future clinical trials, potentially 
enabling earlier and more sensitive detection of ambulation 
decline than conventional assessments. These findings 
should, however, be interpreted with caution, as their 
broader applicability depends on confirmation in larger, 
independent cohorts.
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impairment as one of the most prevalent MS 
symptoms. 9

Patients with MS have traditionally been divided into 
three categories based on the clinical disease course 10 

(relapsing-remitting, secondary-progressive, and primary-
progressive) in routine care, as well as in clinical devel-
opment and during drug approval. High-efficacy therapies 
have been shown to effectively control relapse biology, 
whereas treatments targeting chronic MS progression 
have generally yielded limited results, 11 with a few excep-
tions. 12 Ongoing advances in understanding MS patho-
physiology have opened the way for treatments targeting 
chronic disability progression. MS drug development 
timelines remain long, with no effective predictors or 
surrogate markers for clinical outcomes. 13 MS progression 
represents both a key therapeutic and measurement need, 
as the development of treatments requires quantifiable, 
objective, and reliable outcome measures reflecting 
disability progression. 14 These outcome measures should 
accurately capture disability progression in an appropriate 
MS cohort within a reasonable clinical trial timeframe.

Progressive ambulation impairment is considered a 
major consequence of MS. It significantly impacts the 
quality of life of MS patients, 15 and as such, is captured by 
traditional gold-standard clinical assessments such as the 
Expanded Disability Status Scale (EDSS) or Timed 25-
Foot Walk (T25FW). 14 Most studies reporting the use of 
wDHT to assess ambulation in MS focused on physical 
activity or step count 16,17 measured by commercially 
available mainstream devices or smartphone sensors. 18 

Some digital outcomes have shown encouraging metric 
properties, 16,17 reaching known-group and convergent 
validity but very few demonstrated sensitivity to detect 
change. 7 Despite increasing regulatory interest in walking 
speed as an outcome in MS 19 and strong evidence in the 
literature supporting its clinical relevance, 20 none of the 
currently available measures have yet been sufficiently 
validated to achieve regulatory approval. Beyond regula-
tory approval, robust evidence is needed to demonstrate 
the added value of digital outcome measures. To date, 
wDHTs have not demonstrated sufficient predictive value 
or undergone rigorous validation to meaningfully support 
drug development decisions or even drug approval.

By analyzing gait at the level of individual strides, 
our objective was to develop and validate digital 
mobility outcomes that are accurate, acceptable, reli-
able, and sensitive to the progressive impact of MS on 
ambulation. We specifically aimed to assess the 
analytical and clinical validity of stride-level mobility 
outcomes derived from daily-living ambulation.

Methods
Study design and populations
The design and objectives of both studies are presented 
in Fig. 1. Both study protocols are available as 
Supplementary Materials (Supplementary Files 1 and 2).

This manuscript was prepared in accordance with the 
STROBE reporting guidelines.

ActiMS controlled environment study
We conducted a cross-sectional, single-center study, 
called “ActiMS Controlled Environment”, from 
September 12, 2021, to September 18, 2021 to validate 
the performance of the wDHT in detecting strides and 
measuring the gait features in participants diagnosed 
with MS, at the Citadelle Hospital of Liège, Belgium. The 
inclusion criteria were a confirmed diagnosis according 
to the 2017 McDonald criteria, age between 18 and 65 
years, an EDSS ≤5⋅5, no clinical and/or radiological 
relapse within the previous 3 months, and stable disease-
modifying therapy for at least 2 months before inclusion. 
The exclusion criteria were significant cognitive disor-
ders based on the investigator’s clinical judgment, other 
past or current diseases that could impact the patient’s 
motor function, and recent surgery or trauma.

ActiMS study in daily living conditions
We conducted a longitudinal, multicenter cohort study 
to develop a digital endpoint with robust clinical prop-
erties in people with MS at five sites in Belgium and 
France. Data were collected from March 2021 to 
January 2024. The long-term follow-up of this study is 
ongoing. Progression was defined according to the 2014 
Lublin criteria. 10 Eligibility criteria were identical to 
those of the controlled environment study. Patients 
included in the controlled environment study were also 
eligible to participate in this study.

Standard protocol approvals, registrations, and 
patient consents
Approval of the controlled environment validation study 
(NCT04888689) was obtained from the Ethics Com-
mittees of the University Hospital of Liège (reference 
2020/004) and the Regional Hospital of Liège (reference 
1838). All participants were fully informed of the study 
protocol and provided written informed consent. 

Approval of the protocol of the longitudinal cohort 
study (NCT04882891) was obtained from Ethics Com-
mittees of all participating sites. In Belgium, approvals 
were obtained from the central ethics committee of the 
Centre Hospitalier Universitaire de Liège (reference 
2020/005) and from the local ethics committees of the 
Citadelle Hospital of Liège (reference 1838bis), Clin-
iques Universitaires Saint-Luc (reference 2021-485), 
Antwerp University Hospital (reference 2021-1720), 
and CHC Mont-Légia (reference 22/10/1140). In 
France, approval was obtained from the Committee for 
the Protection of Persons of Tours (reference 
2⋅104⋅151⋅000⋅052). After receiving information about 
the study, patients provided written informed consent. 

Both studies were conducted in accordance with 
Good Clinical Practice guidelines and the Declaration 
of Helsinki.
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Data collection and devices 
Clinical assessment
All clinical measures were performed at each visit in 
both studies except for the 6-Minute Walk Test (6MWT) 
and Berg Balance Scale (BBS), which were not

performed in the Controlled Environment Study. The 
EDSS, T25FW and Nine-Hole Peg Test (9HPT) 21 were 
performed as gold-standard clinical assessments of 
patients with MS. We incorporated the 6MWT 22 and the 
BBS to gather data on walking endurance and ataxia,
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Fig. 1: Project overview. Abbreviations: 6-Minute Walking Test (6MWT), 9-Hole Peg Test (9HPT), 12-item Multiple Sclerosis Walking Scale 
(MSWS-12), Berg Balance Scale (BBS), Expanded Disability Status Scale (EDSS), Godin Leisure Time Exercise Questionnaire (GLTEQ), Modified 
Fatigue Impact Scale (MFIS), Multiple Sclerosis Impact Scale (MSIS-29), Motion capture (Mocap), Timed 25-Foot Walk (T25FW), wearable 
digital health technology (wDHT), Word Generation List (WGL).
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respectively. The EDSS was performed by a physician 
(neurologist or neurology resident) trained in the pro-
tocol. Other clinical evaluations were conducted by 
physiotherapists or MS nurses trained in the protocol 
and its assessment procedures.

Patient-reported outcomes (PRO)
Patient-reported outcome measures, such as the Godin 
Leisure Time Exercise Questionnaire (GLTEQ), 12-item 
Multiple Sclerosis Walking Scale (MSWS-12), Modified 
Fatigue Impact Scale (MFIS), and Multiple Sclerosis 
Impact Scale (MSIS-29), were collected at each visit in 
both studies.

Data collection
Clinical data were collected on both paper and elec-
tronic case report forms with the latter hosted on 
Research Electronic Data Capture, a secure, web-based 
application designed for data collection.

Gait analysis in controlled environment
Patients were equipped with a wearable digital health 
technology (ActiMyo® device, Sysnav, Vernon, France) 
as well as motion-capture markers (OptiTrack®, Nat-
uralPoint, Oregon, U.S.A.) on both ankles. Motion 
capture markers were fixed to the wDHT. Participants 
completed three walking exercises: fast walking speed, 
comfortable walking speed, and dual-task walking along 
a rectangle-shaped path to provide a wide range of 
strides at different gait speeds and cognitive loads. They 
were instructed to “walk at a comfortable pace,” “walk 
as fast as possible”, and “walk while performing the 
Word Generation List (WGL) test”, respectively.

Real-world gait analysis and selected digital metrics 
definitions
The wearable sensor data were collected using the 
ActiMyo® device (Sysnav, Vernon, France), as depicted 
in Supplementary File 3. Patients were asked to wear 
two sensors − one on each ankle − each containing 
high-precision triaxial accelerometers, triaxial gyro-
meters, a temperature sensor, and a barometer 
(recording data at 100 Hz), that captured linear accel-
eration, angular velocity (in all directions), and baro-
metric altitude.

The sensors were individually factory-calibrated to 
ensure the validity of each sensor’s measurements 
across a range of temperature, pressure, and dynamic 
environments.

Participants were instructed to wear the sensors 
during the daytime for 3 months from the baseline visit 
and 1–3 months after the 1-year visit (according to 
protocol amendment version 5⋅0). They were advised to 
remove the sensors for water-related activities such as 
showering or swimming.

Raw data were continuously collected throughout 
the day, stored in an internal memory and transferred

to an internal USB drive in the docking station over-
night when the patient removed and charged the device. 
From the docking station, encrypted and anonymized 
data were transferred securely to a dedicated secure 
cloud-based server or retained on the USB drive (ca-
pacity to store up to 3 months of data). At the end of 
each recording period, raw data were analyzed using 
Sysnav’s proprietary algorithms, which were specifically 
developed to analyze ambulation from the daily-living 
data collected by the wDHT device, ActiMyo®.

The algorithms detected individual strides and 
reconstructed the trajectory of the ankle from raw 
data 6,23 from which multiple metrics are derived 
including stride length and stride velocity. Individual 
strides were grouped into walking episodes as periods 
of continuous walking without any time gap between 
two successive strides exceeding 15 s. At the walking-
episode level, additional variables were computed, 
such as walking episode length, defined as the sum of 
the lengths of the individual strides composing the 
episode.

To establish a surrogate for maximal ambulation 
speed, as assessed in the T25FW, and maximal walking 
distance, as assessed in the EDSS, we focused on stride 
velocity and walking episode length, as these variables 
are clinically relevant in MS. Stride velocity and walking 
episode length were computed for each stride and each 
walking episode across the entire recording period (i.e., 
one month in this study) and then aggregated to 
generate distributions for each variable over the full 
recording period. From the distribution of these vari-
ables, we computed various percentiles (50th, 80th, 
85th, 90th, 95th, 99th). We selected high percentiles to 
reflect maximal daily-living performance, while avoid-
ing very high percentiles, as these are computed from a 
small number of strides or walking bouts, which may 
have introduced variability in derived metrics. Our 
choice of centile was guided by the combined evalua-
tion of reliability (intra-class correlation coefficient, 
ICC) and responsiveness (standardized response mean, 
SRM) across percentiles. For maximal ambulation 
speed, we verified that the 95th percentile, the centile of 
stride velocity selected for qualification as a primary 
endpoint in DMD, was also a suitable choice for MS. 
For maximal walking distance, we selected a centile by 
balancing the goal of representing the top performance 
while limiting variability. The detailed results support-
ing the selection of the stride-velocity and walking-
distance percentiles are provided in Supplementary 
Files 4.

As a result, we calculated the stride velocity 95th 
percentile (SV95C) as an indicator of peak ambulation 
ability, defined as the 95th percentile of all stride ve-
locities recorded during one month of daily living. 
Similarly, we calculated the walking distance 90th 
percentile (WD90C), as the 90th percentile of walking 
episode lengths recorded over the same period. In
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addition, overall physical activity was quantified as the 
number of strides per hour, calculated as the ratio be-
tween the total number of strides performed by the 
patient and the total recording duration with the wDHT 
over one month.

Statistical analysis
Statistical analyses were performed using Python (version 
3⋅11). Population characteristics were analyzed using 
descriptive statistics. Continuous and categorical clinical 
variables were compared between the populations of both 
studies, using the Wilcoxon rank-sum test and the chi-
square test of independence, respectively.

Sample size calculation
As this work represents the first application of these 
stride-level algorithms and digital mobility metrics in a 
multiple sclerosis population, no prior data were avail-
able to support a formal sample size calculation tailored 
to this condition. The sample sizes for both the 
controlled environment and longitudinal studies were 
therefore determined based on feasibility consider-
ations and our prior experience conducting similar 
validation studies in other neurological conditions. 3

ActiMS controlled environment study: analytical validation
Analytical validation evaluates the performance of 
sensor technology and the data it produces at the 
sample level, based on a predefined set of criteria. 24 

SV95C relies on the ability of the wDHT to correctly 
detect strides and accurately estimate stride velocity in 
this population and in conditions representative of daily 
living. WD90C relies on the ability of the wDHT to 
detect strides correctly and accurately measure stride 
length.

The accuracy of the stride detection system was 
validated using manual annotations of strides. Manual 
labeling was performed by two skilled and trained en-
gineers using LabelStudio, an interface displaying the 
wDHT sensor raw signals along axes relevant to gait 
detection. Joint review of the manual stride annotations 
was done with discussion to reach a consensus if 
necessary. Comparison between the manual annota-
tions and outputs of the wDHT algorithm allowed to 
categorize each detected stride as a True Positive (TP; 
correctly detected stride), False Positive (FP; stride 
detected by the algorithm when none occurred), or 
False Negative (FN; missed stride that was present in 
the manual annotation). After pooling data from both 
the left and right sides, per exercise and across all ex-
ercises, the analytical performance of the stride detec-
tion algorithm on MS patients was evaluated using the 
total number of True Positive (TP), False Positive (FP), 
False Negative (FN), the precision, and the recall.

The precision of stride detection corresponds to the 
ratio of well-detected strides (total number of True 
Positive strides) among all the detected strides (total

number of True Positive and False Positive strides). It 
was evaluated using the following formula:

P =
TP

TP+FP

Recall of stride detection corresponds to the ratio of 
well-detected strides (total number of True Positive 
strides) among all the existing strides (total number of 
True Positive and False Negative strides). It was eval-
uated using the formula:

R =
TP

TP+FN

Validation of the accuracy of the system to measure 
stride velocity and length was performed against a gold-
standard reference (optical motion capture system, 
Mocap), after synchronization of the Mocap and the 
wDHT data. For each individual stride, the error in the 
wDHT-estimated stride length or velocity was 
computed as the difference between the reference es-
timate and the wDHT estimate. The error was evaluated 
only for strides whose trajectories were captured by the 
motion capture system. Errors in wDHT-estimated 
stride length and stride velocity were evaluated using 
Bland–Altman analyses adapted for repeated measures 
to account for the non-independence of multiple strides 
originating from the same participant. 25 In addition, 
quantitative metrics were computed, including the 
mean absolute error and the standard deviation of the 
absolute error, defined respectively as the mean and 
standard deviation of the absolute differences between 
wDHT and reference estimates. The mean relative ab-
solute error was calculated as the mean absolute error 
divided by the corresponding reference estimate. 
Agreement between the Mocap and wDHT measure-
ments was assessed using the intraclass correlation 
coefficient (ICC(1,1)). The association between clinical 
variables (age, EDSS, height or BMI) and the stride 
length or stride velocity error was graphically assessed. 
All analyses were performed by pooling strides from 
both the right and left sides.

Analyses were not stratified by disease phenotype 
(relapsing-remitting (RRMS) vs progressive MS (PMS)), 
as the study was not sufficiently powered to support 
reliable subgroup comparisons.

Longitudinal ActiMS study in daily living conditions
Each analysis was conducted using established statisti-
cal methods, allowing direct comparison with tradi-
tional clinical endpoints while accounting for the 
unique characteristics of digital outcomes.

Descriptive statistics were used to summarize pop-
ulation characteristics. Continuous clinical variables 
were compared between the baseline cohort and par-
ticipants who withdrew from the study using the Wil-
coxon rank-sum test. Categorical variables were
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compared between groups using the chi-square test of 
independence.

The minimal recording duration (MRD) was defined 
as the minimum amount of recording time required 
within a recording period to reliably compute digital 
metrics from the raw data. The optimal recording 
duration (ORD) was defined to inform power calcula-
tions and support the design of future clinical trials, 
including decisions on recording-period length and 
participant compliance targets. To determine these two 
thresholds, we assessed the stability and reliability of 
the digital variables by calculating intraclass correlation 
coefficients (ICC [1,1]) between pairs of consecutive 
recording periods with varying durations. MRD and 
ORD were operationally defined as the recording du-
rations required to achieve ICC (1,1) values of 0⋅8 and 
0⋅9, respectively. These thresholds therefore represent 
the minimum amount of raw data required to obtain 
stable and reproducible digital variables.

After evaluating the ORD and MRD, compliance 
was analyzed for baseline and longitudinal data based 
on these definitions.

For the data analysis, we decided to evaluate the 
digital variables in periods of exactly one month from 
the start of the baseline period and the 1-year period. 
Moreover, to have one digital variable estimation per 
patient (as patients wore two sensors leading to two 
estimations), we chose the digital variable estimation 
from the ankle with the most strides during the base-
line period.

Reliability was assessed at baseline using the intra-
class correlation coefficient (ICC [2,1]), which quantifies 
the consistency of measurements across different time 
periods. ICC (2,1) was calculated based on two 
consecutive 1-month measurement periods of the 
baseline recording period. This approach allowed us to 
determine the reliability of a single measurement over a 
month-long period. ICC values were interpreted as 
follows:

<0⋅50: poor reliability 
0⋅50–0⋅79: moderate reliability 
0⋅80–0⋅89: good reliability 
>0⋅90: excellent reliability

The Standard Error of Measurement (SEM), which 
reflects intra-patient variability, was calculated.

The distribution of all outcome variables was 
assessed using the Kolmogorov–Smirnov test for 
normality. This evaluation revealed heterogeneous 
distributional properties across outcomes. Specifically, 
the number of strides per hour, SV95C, EDSS, MSWS-
12, MFIS, and MSIS-29 did not significantly deviate 
from normality, whereas WD90C, 9HPT, 25FW, the 
Berg Balance Scale, FAB, MMSE, and GLTEQ showed 
significant deviation from normality. Given this het-
erogeneity and the limited sample size for several

outcomes, apparent normality was interpreted with 
caution. To ensure a conservative, consistent, and 
robust analytical strategy across all outcomes, non-
parametric methods were therefore retained for all 
analyses.

Convergent and divergent validity of the digital 
metrics was evaluated by examining their correlation 
with traditional clinical endpoints assessing related and 
unrelated constructs at baseline using Spearman’s rank 
correlation coefficient. Correlation coefficients were 
interpreted as follows:

<0⋅20: very weak correlation 
0⋅20–0⋅40: weak correlation 
0⋅40–0⋅60: moderate correlation 
0⋅60–0⋅80: strong correlation 
>0⋅80: very strong correlation

To account for multiple comparisons and reduce the 
risk of Type I errors, we applied a Bonferroni correction 
(αˊ = α/m). Given that multiple statistical tests were 
conducted, the standard significance level (α = 0⋅05) 
was adjusted by dividing it by the number of tests 
performed (m = 30). This narrower threshold 
(αˊ = 0⋅002) reduces the likelihood that significant cor-
relations represent random findings.

For known-group validity, we assessed whether the 
digital metrics could differentiate between groups with 
varying levels of disability at baseline. The study pop-
ulation was divided into three subgroups based on the 
EDSS:

EDSS ≤2: patients with no deficits
2<EDSS<4: patients with deficits but no gait disorder 
EDSS ≥4: patients able to walk with limitations

Differences between groups were analyzed using the 
Wilcoxon rank-sum test, a non-parametric alternative to 
the t-test that does not assume normality. 

Longitudinal changes in digital and clinical metrics 
were assessed over a 1-year period. To account for po-
tential non-normality and small sample sizes, we used 
the Wilcoxon signed-rank test, which is a non-
parametric test for paired data. This analysis was con-
ducted across the entire population and within the PMS 
and RRMS subgroups. As a post hoc analysis, we 
studied the correlation between SV95C and the MSWS-
12, a patient-reported outcome that evaluates walking 
ability. Additionally, we investigated whether SV95C 
could distinguish between patients who experienced 
significant worsening, defined as a ≥ 4-point decline in 
MSWS-12, and those who did not.

Role of the funding source
F. Hoffmann-La Roche Ltd. contributed to the refine-
ment of the study protocol, the interpretation of the 
data, and the revision of the manuscript.
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Results
Population
Participant flow through the study is summarized in 
Fig. 2. The baseline demographic and disease-related 
information of the study population are shown in 
Table 1. A total of 21 and 78 participants were recruited 
into the controlled environment and longitudinal 
studies, respectively. Nineteen patients who partici-
pated in the controlled environment study were also 
included in the daily living study. Seventeen patients 
with RRMS (aged 23–64 years), including 12 women, 
did not attend a follow-up visit. Reasons for withdrawal 
are detailed in Fig. 2. As shown in Table 1, there were 
no significant differences in baseline characteristics 
between the populations of the two studies. In the daily 
living study, there were no significant differences be-
tween participants who withdrew and the overall study 
population with respect to age, gender, height, body 
mass index (BMI), age at first clinical manifestation, 
disease course, EDSS scores, T25FW, 9HPT (right and 
left), BBS, GLTEQ, MSWS-12, MFIS, or MSIS-29 
(p = 0⋅52, 0⋅37, 0⋅87, 0⋅36, 0⋅3, 0⋅07, 0⋅73, 0⋅93, 0⋅28, 
0⋅7, 0⋅83, 0⋅21, 0⋅58, 0⋅64, and 0⋅99 respectively).

ActiMS controlled environment study 
Analytical validation
The results of the analytical validation of stride detec-
tion and stride velocity and length estimation are listed 
in Table 2. The performance of stride detection was 
excellent in patients with MS, as indicated by precision 
(near 1 for all exercises) and recall (0⋅96 for all 
exercises).

Due to the setup of the controlled environment 
(limited coverage area of the camera), the availability of 
strides was lower for the Mocap than for the wDHT. 
Results of the analytical validation of stride velocity and

length are presented in Figs. 3 and 4. The wDHT-
derived stride velocity and length were accurate (mean 
absolute error 0⋅019 m/s and 0⋅022 m, respectively) and 
precise (standard deviation of the absolute error of 
0⋅019 m/s and 0⋅023 m respectively) on both ankles and 
across all exercises (Table 2).

The mean relative absolute error was low for both 
stride velocity and stride length (2⋅1–2⋅7%), indicating a 
small proportional error over the full range of measured 
values. Agreement between wDHT and Mocap was 
excellent across all exercises. ICC values ranged from 
0⋅996 to 0⋅998 for stride velocity estimation and from 
0⋅992 to 0⋅996 for stride length estimation, demon-
strating near-perfect agreement (Table 2).

As demonstrated in Fig. 3 by the lines at ±1⋅96 SD, 
the length and velocity of 95% of the strides are quan-
tified with errors below 7 cm and 6 cm/s, respectively. 
Based on visual inspection, no systematic relationship 
was observed between stride velocity or stride length 
errors and their corresponding measured values.

As illustrated in Fig. 4, the mean errors in stride 
velocity and length were similarly distributed across all 
exercises. No clear trends or dependencies were 
observed between clinical variables (age, EDSS, height, 
and BMI) and the mean errors in stride velocity and 
stride length per patient.

Longitudinal study in daily living conditions 
Clinical data availability
At baseline, MSIS-29 assessments were missing 
because this measure was added later through a pro-
tocol amendment (n = 16), with an additional four cases 
resulting from site oversight. The 6MWT was also 
missing for 16 participants for the same amendment-
related reason. At the 12-month visit, missing data 
were limited to four participants who did not complete

21 patients with MS (EDSS 0-5·5)

ActiMS Controlled Environment Study

12-month
visit

Enrollement

59 patients

Patients without follow-up visit 
(N=17) :
- patient withdrew immediately 
after the baseline visit due to a 
relapse that caused ambulation 
loss, no wDHT data recorded 
(N=1)
- patients withdrew between 
baseline and the 12-month visit 
(N=15)
Reason for withdrawal : 
• no follow-up visit was conducted 

due to restructuring at one of the 
study sites (N=6)

• lost to follow up (N=2) 
• burden of the study (N=2) 
• unknown (N=5)
- patient missed the 12-month visit 
for medical reasons but was 
included in the study extension 
(N=1)

61 patients with MS

ActiMS Longitudinal Study in Daily Living 
Conditions

78 patients with MS (EDSS 0-5·5)

19 patients
Enrolment

Enrolment

LO
ST

 T
O

 F
O

LL
O

W
-U

P

Fig. 2: Diagram illustrating the flow of participants in both studies.
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Controlled environment study Longitudinal daily living study Overall
population
comparison
(p-value)

Total RRMS PMS Total RRMS PMS (primary/ 
secondary)

Number of patients 21 18 3 78 61 17 (9/8) NA
Age (years): median (IQR) 
[range]

39 (34–54) [23–62] 38⋅5 (34⋅5–52⋅7)
[23–62] 

51 (42–56) [33–61] 48⋅5 (38⋅2–55)
[23–64]

43 (37–54) [23–64] 55 (51–58) [33–62] 0⋅16 ns

Height (centimeters): 
mean ± SD [range]

172⋅4 ± 11⋅7 
[152⋅5–189⋅8] 

172⋅9 ± 9⋅7 
[152⋅5–189⋅8] 

169⋅5 ± 16 
[153⋅2–185⋅2] 

170⋅9 ± 9⋅8 
[151–189⋅8]

170⋅8 ± 9⋅7 
[151–189⋅8]

171⋅6 ± 10⋅7 
[151–185⋅2] 

0⋅50 ns

BMI (kg/m 2 ): mean ± SD [range] 27⋅3 ± 4⋅2 
[21⋅4–36⋅2]

27⋅1 ± 3⋅9 
[21⋅4–36⋅2]

28⋅3 ± 6⋅3 
[21⋅8–34⋅5]

26⋅6 ± 4⋅8 [18⋅6–45] 26⋅7 ± 4⋅9 
[18⋅7–45]

26⋅3 ± 4⋅9 
[18⋅6–35⋅2]

0⋅43 ns

Sex: female (%) 12 (54⋅5) 11 (61⋅1) 1 (33⋅3) 43 (55⋅1) 37 (60⋅7) 6 (35⋅3) 1 ns
EDSS: mean ± SD [range] 2⋅6 ± 1⋅3 [1⋅5-5⋅5] 2⋅2 ± 1 [1⋅5-5⋅5] 4⋅7 ± 1 [3⋅5-5⋅5] 3 ± 1⋅4 [0–5⋅5] 2⋅7 ± 1⋅3 [0–5⋅5] 4⋅1 ± 1⋅1 [1⋅5-5⋅5] 0⋅25 ns
T25FW (s): mean ± SD [range] 5⋅3 ± 2⋅3 [3⋅1–13⋅7] 4⋅7 ± 1⋅4 [3⋅1–9⋅6] 5⋅4 ± 4⋅8

[5⋅4–13⋅7] 
6⋅5 ± 6⋅7 [2⋅8–60] 5⋅2 ± 2⋅2

[2⋅8–17⋅5] 
11⋅2 ± 13 [4⋅3–60] 0⋅28 ns

9HPT right side (s): mean ± SD 
[range]

21⋅8 ± 6⋅0 
[13⋅8–37⋅3] 

20⋅4 ± 3⋅7 
[13⋅8–27⋅3] 

30⋅4 ± 10⋅8 
[18–37⋅3] 

24⋅8 ± 14⋅9 
[15⋅5–135⋅2] 

23⋅4 ± 15⋅5 
[15⋅5–135⋅2] 

29⋅6 ± 11⋅4 
[18⋅3–59⋅9] 

0⋅41 ns

9HPT left side (s): mean ± SD 
[range]

22⋅8 ± 5⋅8 
[15⋅4–35⋅0]

21⋅5 ± 4⋅5 
[15⋅4–32⋅5] 

30⋅8 ± 7⋅3 
[22⋅4–35⋅0]

24⋅1 ± 7⋅4 
[16⋅0–60⋅6]

23⋅0 ± 6⋅1 
[16⋅0–46⋅5] 

27⋅8 ± 10⋅2 
[19⋅8–60⋅6] 

0⋅50 ns

6MWT (meters): mean ± SD 
[range]

NA NA NA 448⋅8 ± 139⋅5 
[147⋅5–774]

478⋅2 ± 130⋅1 
[200–774]

329 ± 112⋅9 
[147⋅5–479]

NA

BBS: mean ± SD [range] NA NA NA 51⋅9 ± 6⋅3 [18–56] 53⋅4 ± 4⋅0 [36–56] 46⋅2 ± 9⋅5 [18–56] NA
GLTEQ: mean ± SD [range] 20⋅5 ± 18⋅2 [0–63] 21⋅7 ± 17⋅7 [0–63] 13⋅3 ± 23⋅1 [0–40] 25⋅0 ± 26⋅3

[0–140⋅0]
27⋅8 ± 28⋅4
[0–140⋅0]

14⋅8 ± 12⋅6 [0–40] 0⋅71 ns

MSWS-12: mean ± SD [range] 24⋅4 ± 14⋅1 [12–59] 20⋅8 ± 11⋅1 [12–44] 46⋅0 ± 11⋅3 [39–59] 27⋅8 ± 13⋅2 [12–60] 24⋅9 ± 12⋅4 
[12–60]

37⋅9 ± 11⋅2 [17–59] 0⋅20 ns

MFIS: mean ± SD [range] 32⋅9 ± 21⋅8 [0–65] 30⋅7 ± 21⋅1 [0–65] 46⋅3 ± 25⋅7 [17–65] 37 ± 21⋅9 [0–80] 33⋅8 ± 21⋅9 [0–80] 48⋅5 ± 19⋅0 
[10–74] 

0⋅47 ns

MSIS-29: mean ± SD [range] 59⋅8 ± 20⋅4 [30–94] 57⋅3 ± 20⋅1 [30–90] 74⋅7 ± 19⋅0 
[56–94]

62⋅0 ± 22⋅0 
[30–129]

61⋅3 ± 21⋅8 
[30–129]

64⋅8 ± 23⋅5 
[41–111]

0⋅77 ns

Abbreviations: Relapsing-Remitting Multiple Sclerosis (RRMS), Progressive Multiple Sclerosis (PMS), Body Mass Index (BMI), 6-Minute Walking Test (6MWT), 9-Hole Peg Test (9HPT), 12-item Multiple 
Sclerosis Walking Scale (MSWS12), Berg Balance Scale (BBS), Expanded Disability Status Scale (EDSS), Godin Leisure Time Exercise Questionnaire (GLTEQ), Interquartile Range (IQR), Modified Fatigue 
Impact Scale (MFIS), Multiple Sclerosis Impact Scale (MSIS-29), Standard Deviation (SD), Timed 25 Foot Walk (T25FW), Not Applicable (NA).

Table 1: Population characteristics.

All exercises Fast walk Comfortable walk Dual-task walk

Stride detection
TP (number of strides) 10448 3160 3629 3659
FP (number of strides) 6 2 2 2
FN (number of strides) 434 120 162 152
Precision 0⋅999 0⋅999 0⋅999 0⋅999
Recall 0⋅960 0⋅963 0⋅957 0⋅960

Stride velocity estimation
Stride count (common to Mocap and wDHT) 3808 1065 1329 1414
Mean absolute (abs) error (m/s) 0⋅019 0⋅020 0⋅022 0⋅016
Mean relative error (%) 2⋅305 2⋅103 2⋅660 2⋅123
Std⋅ abs⋅ error (m/s) 0⋅019 0⋅020 0⋅022 0⋅014
ICC (1,1) agreement 0⋅998 0⋅998 0⋅996 0⋅998

Stride length estimation
Stride count (common to Mocap and wDHT) 3808 1065 1329 1414
Mean absolute (abs) error (m) 0⋅022 0⋅022 0⋅026 0⋅020
Mean relative error (%) 2⋅305 2⋅103 2⋅660 2⋅123
Std⋅ abs⋅ error (m) 0⋅023 0⋅021 0⋅028 0⋅019
ICC (1,1) agreement 0⋅995 0⋅996 0⋅992 0⋅996

Abbreviations: True Positive (TP), False Positive (FP), False Negative (FN), Motion capture (Mocap), wearable Digital Health Technology (wDHT), absolute (abs), Standard 
deviation (std), intraclass correlation coefficient (ICC).

Table 2: Metrics for stride detection, stride velocity and length estimation per exercise.
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Fig. 3: Bland-Altman plot showing the error in stride length (A) and velocity (B) for individual strides, as a function of the mean value 
of each variable. Black line is the mean error for all strides, and red dashed lines delineate the 95% confidence interval. Grey shaded area 
indicates the 95% confidence interval around the mean error and red shaded areas represent the 95% confidence intervals of the limits of 
agreement.

A B C D

E F G H

Fig. 4: Impact of age, EDSS, height, and Body Mass Index (BMI) on the mean error of stride length (A, B, C, and D) and velocity (E, F, G, 
and H).
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any follow-up clinical assessments due to site restruc-
turing, along with a small number of isolated missing 
values for the MSWS-12 (n = 3) and MFIS total score 
(n = 1) related to site oversight. Overall, only a small 
proportion of clinical outcome measures were missing 
across both visits.

wDHT wear time
The comparison of multiple ICCs, computed using two 
consecutive recording periods of variable lengths, 
enabled the validation of the MRD and ORD in the MS 
population and is detailed in Supplementary File 5. 
This demonstrates that MRD and ORD can be defined 
as 50 h and 180 h, respectively.

The baseline and 1-year wear-time data (<MRD, 
MDR-ORD, and >ORD) are presented in Table 3. In 
total, 98⋅7% and 91⋅5% of patients provided sufficient 
data for analysis (>50h) at baseline and 1 year, 
respectively.

Reliability
Cross-sectional analysis demonstrated the high reli-
ability of SV95C (ICC (2,1) = 0⋅97, SEM = 0⋅06, n = 71), 
number of strides per hour (ICC (2,1) = 0⋅91, 
SEM = 25⋅92, n = 75) and WD90C (ICC (2,1) = 0⋅90, 
SEM = 8⋅02, n = 73). The reliability of the different 
digital metrics was not (for SV95C) or moderately (for 
WD90C) dependent on their magnitude, as shown in 
Fig. 5. Reliability remained good to excellent across all 
digital metrics and when RRMS and PMS groups were 
analyzed separately, with ICC (2,1) values ranging from 
0⋅86 to 0⋅98. The highest reliability was observed for 
SV95C, with ICC (2,1) values of 0⋅96 and 0⋅98 in the 
RRMS and PMS groups, respectively.

Known group validity
SV95C and WD90C were able to differentiate between 
all three EDSS subgroups. Fig. 6 presents box plots for 
each digital metric with three EDSS subgroups.

Convergent and divergent validity
All digital metrics demonstrated moderate to strong 
correlations with EDSS, T25FW, BBS, MSWS-12, and 
GLTEQ (Fig. 7). These relationships remained signifi-
cant after Bonferroni correction (p < 0⋅003). Correla-
tions with outcomes related to motor function but not 
directly reflecting lower-limb function (MFIS and

9HPT) were generally weaker but remained statistically 
significant for WD95C (ρ = 0⋅285, p < 0⋅05 and
ρ = 0⋅327, p < 0⋅01, respectively) and SV95C (ρ = 0⋅326, 
p < 0⋅01 and ρ = 0⋅521, p < 0⋅01, respectively). The 
digital mobility metrics showed no meaningful corre-
lation with measures not primarily related to mobility 
(MMSE and FAB), supporting the divergent validity of 
the digital mobility metrics (Fig. 7). The results of the 
correlations between digital metrics and traditional 
clinical outcomes stratified by disease group (RRMS 
and PMS) are provided in Supplementary File 6.

Sensitivity to change
SV95C demonstrated a statistically significant decline 
over 12 months in both the PMS and RRMS pop-
ulations (p = 0⋅006 and p = 0⋅049, respectively), whereas 
EDSS showed a significant change only in the PMS 
population (p = 0⋅01), as illustrated in Fig. 8. T25FW 
showed a statistically significant improvement in the 
RRMS group over 1 year (mean change: 0⋅63 s, 
p = 0⋅03); however, the magnitude of this improvement 
was minimal and may not be clinically meaningful. In 
the PMS group, no significant change was observed in 
T25FW. We did not observe any changes in pharma-
cological treatment or physical activity levels (as 
measured by the GLTEQ) that could account for the 
increases in T25FW performance in RRMS. For SV95C, 
the standardized response means (SRMs) for changes 
at 12 months were −0⋅936 for PMS and −0⋅316 for 
RRMS. For EDSS, the SRM for changes at 12 months 
in the PMS group was 0⋅716.

In a post-hoc analysis, the correlations between 
changes in MSWS-12 and SV95C did not reach statis-
tical significance in the overall population (R = −0⋅27, 
p = 0⋅07, n = 47), nor in the PMS (R = −0⋅29, p = 0⋅31, 
n = 14) or RRMS (R = −0⋅24, p = 0⋅18, n = 33) sub-
populations. SV95C did not differentiate between pa-
tients who exhibited a significant decline in MSWS-12 
(defined as an increase of 4 points) and those who did 
not.

In the two patients who experienced a relapse during 
the 1-year follow-up, SV95C decreased by 7 cm/s and
8 cm/s. WD90C and strides per hour also declined 
(−1⋅9 and −10⋅7 m, −39 and −78 strides, respectively). In 
these patients, EDSS increased by 0⋅5 and 1⋅0 point, 
MSWS-12 scores worsened significantly (+6 and + 23 
points, respectively), while T25FW showed no mean-
ingful change.

Discussion
We demonstrate that a digital outcome based on indi-
vidual stride-level data shows strong potential as a 
sensitive and reliable early measure of ambulation 
decline experienced by people with MS. In contrast to 
traditional approaches that rely on aggregated mea-
sures, such as mean step counts, average daily walking

Period Baseline 1 year

<50 h: n (%) 1 (1⋅3) 5 (8⋅5)
50–180 h: n (%) 13 (16⋅9) 6 (10⋅2)
>180 h: n (%) 63 (81⋅8) 48 (81⋅4)

Table 3: Sensor wear time (number and percentage of participants by 
recording duration).
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speed, or walking-bout-level metrics, our method 
identifies and segments every stride to compute stride-
specific velocity and stride length. This enables a 
percentile-based analysis of stride distributions. Some 
of the proposed digital metrics, such as SV95C, are 
based on stride-level detection, measurement, and on 
analysis of stride-level distributions. By contrast, met-
rics based on stride counts or walking-bout character-
istics rely on aggregation approaches similar to those 
used in previous studies. By leveraging the full 
distribution of stride characteristics rather than 
average-based measures typically obtained from lower-
back-mounted wearable sensors, 26 our approach offers 
a novel opportunity to detect subtle mobility impair-
ments at an earlier stage.

The stride detection, as well as stride velocity and 
length measurements, of the wDHT demonstrated high 
accuracy, with significantly reduced errors compared 
with levels typically reported in publicly available data 
from other research-grade sensors. 26,27 The excellent 
reliability of SV95C (ICC of 0⋅97) observed in our study 
surpasses the reliability of outcomes that simply reflect

overall patient activity, such as the number of strides 
per hour and WD90C. Additionally, this level of reli-
ability exceeded that of other gait-related outcome 
measures reported in the literature, 28 and is comparable 
to the reliability demonstrated during the EMA quali-
fication of the same outcome in DMD 3 or in other 
neuromuscular diseases. 29 We were able to quantify the 
annual decline in both RRMS and PMS, whereas EDSS 
showed a statistically significant decline only in the 
PMS subgroup. Although these results require confir-
mation in larger, independent cohorts, they suggest 
that SV95C could be used to detect disability progres-
sion in PMS and RRMS populations. This potential is 
particularly important, as sensitivity is a key determi-
nant of statistical power in efficacy trials.

We computed three digital outcomes representing 
distinct aspects of gait impairment, all of which showed 
good metric properties in MS. The number of strides 
per hour and maximal walking distance (WD90C) pro-
vide a continuous and granular measure of mobility, as 
suggested by the wide variability observed within the 
same EDSS level. In MS, 18 few studies have

A B C

Fig. 5: Bland-Altman plot showing the variation between 2 consecutive 1-month periods for each digital variable as function of their 
mean values: strides/hour (A), SV95C (B), and WD90C (C).

A B C

Fig. 6: Digital outcome measures by level of disability: strides/hour (A), SV95C (B), WD90C (C). (p < 0⋅05*, p < 0⋅01**, p < 0⋅001***).
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demonstrated that step count may be partially sensitive 
to change. However, interpreting changes in these 
metrics remains challenging, as they can be signifi-
cantly influenced by factors beyond disease progres-
sion, such as lifestyle, motivation, comorbidities, 
fatigue, and environmental conditions. Gait parame-
ters, such as SV95C, may show lower variability driven 
by external factors and greater variability attributable to 
disease progression. This is reflected in its excellent

reliability and strong sensitivity to change. This is 
consistent with observations in other diseases, where 
step count and cumulative activity metrics are less 
reliable and less sensitive to changes 3,29 than outcomes 
based on individual stride metrics such as SV95C. 

Overall, these three digital outcomes (strides per 
hour, WD90C and SV95C) accurately reflect daily 
walking ability, correlate with gold-standard measures, 
and distinguish between patients with different levels

A B C

D E F

Fig. 8: Box plots with change from baseline by subgroup (RRMS/PMS) for each digital and clinical outcome: strides/hour (A), SV95C 
(B), WD90C (C), EDSS (D), T25FW (E), and MSWS-12 (F). (p < 0⋅05*, p < 0⋅01**). The red dots represent patients who experienced a relapse 
during the 1-year follow-up.

Fig. 7: Correlations between digital and clinical variables (p < 0⋅05*, p < 0⋅01**, p < 0⋅001***).
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of disability. The most promising outcome (SV95C) 
appears to be more reliable, more discriminant, and 
more sensitive to decline than other digital outcomes. 

Although promising, wDHT-based gait assessments 
in daily living are not yet the gold standard nor widely 
adopted. Some clinical trials in MS have already begun 
to use wDHT to provide outcome measures, 30 but the 
need for further validation of these outcomes and 
wDHT is urgent. Emerging guidance for evaluation of 
digital assessments 24 is essential to address the current 
lack of standardization and result comparability, which 
currently prevents the integration of these innovative 
solutions into clinical trials. The implementation of 
such technology − beyond consumer-grade devices − in 
clinical practice is even more distant. Key challenges 
include addressing the burden on patients, as well as 
the accessibility and interpretability of the data for both 
clinicians and patients.

This study has several limitations that should be 
acknowledged. Despite the large volume of recorded 
data, the sample size was relatively limited, particularly 
within subgroups (RRMS/PMS), and particularly in the 
analytical validation cohort. As a result, the study was 
not powered to support formal subgroup analyses by 
sex or age, or site-stratified analyses. However, the data 
generated here provide a basis for future sample size 
calculations in studies designed to confirm these find-
ings and assess their generalizability. Future studies 
should include a larger representation of patients with 
PMS. In addition, recruitment was restricted to Euro-
pean centers and ambulant individuals, with limited 
ethnic diversity and representation of patients with high 
disability levels, which may further limit the general-
izability of the findings. Longitudinal data are currently 
being collected in an independent cohort of similar size 
from a non-European population to address these lim-
itations. Moreover, the study was initially designed as a 
1-year investigation and was extended to a 3-year study, 
with recording periods every 6 months, to provide a 
more comprehensive assessment of disease progres-
sion over shorter intervals. Additionally, we observed a 
high dropout rate, along with a decline in adherence 
between the first and second recording periods. It is 
important to note that six of the 17 withdrawals were 
due to restructuring at one of the study sites. Although 
device-related withdrawals have rarely been reported, 
our data collection did not allow systematic determi-
nation of the exact reasons. To address potential device-
related withdrawals and improve adherence, a new 
version of the wDHT has been developed to better meet 
patients’ expectations regarding aesthetics and comfort. 
Additionally, comparison with age-matched healthy 
controls is essential to distinguish MS-related decline 
from normal aging. Some normative data have been 
published 31 but expanding the coverage of the adult 
population is necessary. Finally, we selected a short list 
of digital outcomes based on well-known concepts of

interest in MS, a post hoc analysis could extend this list 
to explore new metrics and other concepts of interest. 
Future analyses may explore digital metrics to assess 
fatigability and upper limb function.

Nevertheless, this small-scale study demonstrated 
that individual stride detection using a valid and suit-
able wDHT in patients with MS exhibits key features, 
highlighting its practical potential as an early surrogate 
for ambulatory decline, a critical component of MS 
progression. Further research is essential to confirm 
these preliminary findings and to expand the potential 
applications of this technology. Efforts should prioritize 
the rigorous validation of digital outcome measures to 
assess ambulation in patients with MS, integrating 
these into regulatory frameworks. The next steps 
include validating these findings in an independent 
population and collecting age-matched normative data. 
Expanding data acquisition will help to establish 
meaningful thresholds for a decline in walking ability, 
whereas determining a meaningful threshold for 
improvement will represent a more challenging but 
crucial step toward validating a digital outcome: its 
integration into interventional trials as an exploratory 
endpoint.
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