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Background

Major challenges of current state (1)

All measures performed in the hospital, it remains a single point 
assessment, and highly dependant on patient’s form and motivation

Clinical Gold Standard  →   New Biomarker Qualification  

« Baseline » becomes a pre-
defined time-period
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Background

Major challenges of current state (3)

Patients with rare disease may travel 
a lot to access the research center

Clinical Gold Standard  →   New Biomarker Qualification  



To evaluate patients with wearable devices is

just the sense of History. The only question 

that remains is how long we need to 

undestand that it is a much more robust

solution than hospital-based assesments



So why are wearable devices not 
more used as primary outcome ??
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Clinical trial

What can I do with that ??



I will offer you the moon….
😍

Thank you. But I prefer a Holter of 
Movement🤩🤩🤩

What do you mean exactly
?

Being able to identify all 
the movements of the 
patient
And then to quantify them
precisely😊😊

In uncontrolled
environement

During 2 years, without
shift over this time 
period….😄😄
Internet transmission and 
data security… Be 
compliant !! 🤨🤨

Are you sure the moon is
not enough ? 🤪🤪🤪
🤪

The doctor The engineer



The long and winding road of SV95C 

Clinical trial

What do we need??

Identification of 
the variables

Prototype
2010

V2.0

2011

V3.0

Validation 
during NHS

2012

2017

Medical 

device

2019

Technical development timeline

Controlled environment —> unsupervised usage

2021

2022



6MWT   n= 112

σ = 80m (~20%)

ΔL = 30m (~ 7%)

ActiMyo n= 14

Inclusion 1 year

Risk α = probability to wrongly conclude to treatment efficacy
=> α : 5%  Z= 1.96
Risk ß = probability to wrongly conclude to treatment

inefficacy
=> ß : 20% Z= 0.842

ΔL = - 8.5%

Inclusion 1 year6months

DMD add on value



2019 2023



Extension to other diseases… ALS



Extension to other diseases… ALS



ActiMS : one project, two study protocols

Aim:  Analytical validity
Aim :  Feasibility to assess MS real life function & 
early sign of endpoint clinical validity

• Validate stride algorithms in this context of use & patient 
population: 
• Stride detection is specific & selective
• Stride reconstruction is precise & accurate

• Elaborate additional capabilities: 
• suitable algorithms for specific MS clinical

manifestations (ataxia, spasiticity, asymmetry).

• Evaluation of non specific measures (95SVC, walking
perimeter):
• Concurrent validity
• Robustness
• Measure sensitivity to change

• Establishing disease agnostics measure (eg spasiticity, 
ataxia, etc. in real-life)
• 1st results

Controlled environment Non-controlled environment



Gait lab (Motion capture set up : 12 cameras, various heights and orientations, total recording space = 7 ×

3 m)

exercices: 
- Confortable 120m walk
- 120m walk with double task (listing unique animals names)
- Fastest 25ft walk (performed twice)
- 3 * 180° turns while walking at a normal pace
- 7m fast walk, 3m normal walk, 7m run

ACTIMYO MOCAP

Population



Results

Over 99% of strides identified using the Motion Capture were accurately detected 
by the IMU device (99% recall), and measured with a centimetric precision (< 3% 
error on the stride length). There was no significant impact of the level of disability 
on the error.



EDSS 5.5EDSS 2



ACTIMS: non-
controlled

environment



Compliance

On 49 recording period, 45 include enough data for analysis : 91% compliance

19 patients have completed so far the 1 year data



Analytical plan 

1. Reliability

2. Validity

3. Longitudinal evolution



Internal reliability evaluation

ICC : Intra-Class Correlation, computed on two periods formed by the two 
halves of the first recording period for each patient. Ability to auto-
correlate.

SEM : standard error measurement, computed using standard deviation 
& ICC

ICC SEM Avg

nb_strides_per_hour 0.93 24 181

distance_per_hour 0.93 23 169

stride_velocity_95 0.99 0.03 1,44

stride length_95 0.99 0.02 1,46

stance_percentage_median 0.97 0.66 64,4

stance_duration_median 0.97 0.03 0,76

walked_distance_90 0.78 13 50,9

swing_duration_median 0.93 0,01 0,42

Benchmark – sv95c on DMD 

patients from dossier
0.94 0,07

1.00 0.85          0.70     ICC

→All variables demonstrate a good stability, at the exception of 
walked distance (90th percentile). Results will be refined with 
other percentiles in clinical validation phase (e.g., ICC of 
median is higher)

→Results include 2 outliers (patients 01-002 and 01-031) with 
relatively high variability. An analysis with clinicians is ongoing 
to understand how to interpret this data in the results

1. Reliability



20

Mann Whitney test  

→Differences between MS patients & controls are 

statistically significant

2. Discriminant Validity



Correlation coeff. (Spearman)

EDSS T25FW 6MWT

nb_strides_per_hour -0.348 -0.45 0.630

distance_per_hour -0.493 -0.51 0.744

stride_velocity_95 -0.474 -0.62 0.814

stride length_95 -0.510 -0.599 0.731

stance_percentage_median 0.402 0.507 -0.738

stance_duration_median 0.278 0.628 -0.755

walked_distance_90 -0.536 -0.546 0.720

swing_duration_median -0.176 -0.149 -0.040

Benchmark – sv95c on DMD 
patients

0.68

p-value <0.01

→Moderate but significant 
correlation observed 
between EDSS/T25FW 
and SV95C, SL95C & 
median stance duration

2. Convergent Validity



> Correlation of stride length with EDSS consistent with current litterature

R² = 0.41

Vienne-Jumeau and al., 2019

Meta analysis of 36 

studies, 524 patients

Linear regression line 

Rs = 0.51

2. Convergent Validity



ED
SS

2
5

FT
W

STRIDE LENGTH STRIDE SPEED

p = 7.621e-06**p = 4.339e-06**

p = 7.118e-05**p = 0.000673** Correlation
between digital 
and gold 
standard variable 
(*p<0.05,
**p <0.01)



3. Sensitivity to change ?

0%

5%

-5%

10%

-15%

Yearly change of SV95C (%)

EDSS 
better
by 0.5

EDSS 
Stable

EDSS 
worst by 
1 point

-10%

SRM: 0.72

Progressing Relapsing
Remitting

SRM: 0.23SRM: 1.85



Status update on ActiMS study 

Preliminary results based on existing variables

Conclusion & Next steps 

2

3

1



Next step

• Patients’ follow-up and longitudinal data collection

• Study extension

• Analysis of the completed baseline and lingitudinal data :

• Algorithms development and validation

• Identification of « best outcome … or portfolio of outcome
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