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I have taken the word "device" on a very broad sense

This survey is not exhaustive

| am far to be an expert in most of the various techniques

| will not deliver a comparison between the devices to discuss what is the best
I will go fast and will not enter into technical details

| have to disclose a link of interest with some of the devices/methods because they have been developed in my lab



# Muscle = organized and excitable tissue aiming to produce tension and
generate force towards the bones to make them move, organize the
movement to fulfill autonomy and quality of life

excitation

muscle tissue (volume and composition)

» - « strength == mouvement === motor abilities

Axon terminals at
neuromuscular
junctions

Spinal cord

Motor neuron
cell body

Muscle

quality of life

t

autonomy

t
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Exemple

Imaging
EMG (CMAP)
Strength
Dexterity test (Purdue, 9 Hole Peg Test)
Scales (AbilHand, Cochin)

#* ¥ ¥ ¥ %

distal

measurements

ABILHAND - Manual Ability Measure

English version

Patient Date

:;"‘i h[;'f; E“:ET ctvitios? Impossible | Difficult Easy ?
1_JPulling up the zipper of tousers X [
2_|Peeling onions X |
3.|Shamps=ning a pencil X |
4_|Taking the cap off a bottie x |
5_|Filing one's nails ?
6_|Peeling potatoes with a knife X |
7_|Butioning up trousers X |
B [Opening a screw-topped jar X |
©_|C utting one's nails Y
10_|Tearing open a pack of chips X |
11.|Unwrapping a chocolate bar X ]
12 JHammering a nail X |
13.|Spreading butter on a slice of bread X |
14 |Washing one’s hands X |
15_|Butioning up a shirt X |

X
X
X
X
X
X
W
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Qualitatively Quantitatively

# Magnetic resonance imaging (MRI)

* Trophicity Normal, wlp CSAincm
hypo-, Hyper Volume incm®
(T1w) (Out g{ Phase of
Dixon,

* Chronic degenerative changes

# fatty replacementmuscle Grading1-4 ==y % fatty infiltration

(Tiw} (Water-Fat « Dixon »)
#fibrosis -ee- % Interstial collagen
(77 UTE ?? DEMRI)
* « Disease activity » FatSat-T2w "= T2nm
(STIR) (MultiTE SE no Fat Sat;
Bl mapping)

Fig. 1. Skeletal muscle tissue characterization by NMR imag-
ing. Comparison of qualitative and quantitative approaches. CSA:
cross-sectional area; UTE: ultra-short echo time; DEMRI: delayed
enhancement MRI; Fat Sat: fat saturation.

from Carlier et al (2016)
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# Magnetic resonance imaging (MRI)

T2-weighted T1-weighted

600

Early signs of active Muscle fatty Clinical signs (loss

muscle damage replacement of function)

muscle vold

\\‘E\g \
W\ \ R ‘ 1

, My

e and composition

r=-0.81

R

\
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# Magnetic resonance imaging (MRI)

PATIENT

global FF thigh
(%)

global water T, thigh
(ms)

from Reyngoudt et al (2022)

patient with LGMDZ2B

PATIENT

PATIENT

PATIENT

muscle vol@ime and composition



# Magnetic resonance spectroscopy (MRS, 1H, 31P, 23Na)

EAUVLIg LR Vastus Lateralis Upper Leg

PCr

3

5 4
frequency / ppm

FIGURE 1 Magnetic resonance (MR) spectra and images from
a single subject capturing 4 years of disease progression. In these y-ATP a-ATP B-ATP

transaxial images and spectra, red indicates muscle water, and P"iE Pl '3".:5 J\L’KN AP jL_
green indicates fat. MR spectroscopy fat fraction is measured from ] L—-JL
a single voxel, shown as the white rectangles in top images, and 5 5 ;

quantifies the ratio of the peak areas of fat (green) to the sum of frequency / ppm
peak areas of fat (green) and water (red).

-10 -15

A typical **P MR spectrum of the resting soleus muscle of a healthy volunteer acquired at 7 T, with the region between 2.5 and & ppm
from Kim et al (2023) enlarged [right]. Signals of an extra Pi pool and phosphodiesters (PDE] and phosphomonoesters [PME) are visible. Peak assignments:

two signals for inorganic phosphate (Pi and Pig), glycero-3-phosphocholine (GPC), glycere-3-phosphoethanclamine (GPE),

phosphocreatine [PCr), three signals for ATP and pyridine nuclectides ([NADPH/NADH). Data were acquired using a pulse-acquire

sequence with a block pulse of 200 ps with a 5-cm surface-coil (TR = 5 5, bandwidth = 5 kHz, 2048 data points; 128 averages).

1 1/ \JVL\J\J/
from Meyerspeer et al (202 1) CURE THROUGH INNOVATION



# MRl and Al

# Accuracy of a machine learning muscle MRI-based tool for the diagnosis of muscular dystrophies (Verdu-Diaz
etal, 2020)

# Texture analysis of muscle MRI: machine learning-based classifications in idiopathic inflammatory
myopathies (Nagawa et al, 2021)

# A Deep Learning Algorithm for Automatic 3D Segmentation of Rotator Cuff Muscle and Fat from Clinical MRI
Scans (Riem et al, 2023)

Native T1-weighted image Manual segmentation Al-based segmentation
ZINSTITUTE o
from Fritz and Fritz (2022) S 10- MYOLOGY
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#

CT-scan

-------

muscle vol@ime and composition

healthy woman
24y



muscle vol@ime and composition

# CT-scan

woman with LGMDZ2A
24y




# CT-scan

!
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# Ultrasound

Intensty (unweighted

N 147318 Ma 0

Mean 87 844 Max 255
SieDev 47105 Mode 45 (1855
Yaue — Count —

from Tan et al (2023)

‘Multimodal’ assessment of quadriceps muscle mass (a), muscle quality (b, muscle echogenicity assessment using
Image) analysis) and muscle stiffness (c, point shear wave elastography) in two healthy individuals. In figure o, the typical
‘starry night’ oppearance of a normal muscle (28-year-old man) can be observed. A transverse approach is preferred for the
measurement of muscle thickening (red dashed lines) of the rectus femoris (rf) and vastus intermedius (vi) muscles. Figure b
shows a moderate increase in muscle echogenicity in a 55-year-old woman. Muscle echogenicity can be measured using a

dedicated image analysis program, which measures the gray scale intensity in a region of interest (ROI) utilizing histogram ‘e
function (i.e. Imagel). In the same person, muscle stiffness of the rectus femoris is measured using point shear wave = INSTITUTE or
elastography (longitudinal approach) and it is expressed by m/s. MYOLOGY
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# Ultrasound (ultrafast imaging) muscle vg
« EMD >
Electrical Onset of fascicle Onset of force
stimulation motion production
i4——— Dm > Tm > _ o
! Fig. 1. Representation of the electro-
i mechanical  delay  ( and its
0 5 10 15 I I delay (EMD) and
' 1 1 components. The delay between
i . Time [ms) muscle electrical stimulation and the
Electro-chemical Force transmission onset of muscle fascicle motion (par-
processes ticle velocity) is mainly attributed to
electrochemical processes |referred
' ' ; to as time delay for muscle contrac-
i i i tion (Dm)]. The delay between the
i : i onset of fascicle motion and the on-
E i set of force production 1s attributed
' ' :E»- to the force transmission [referred to
i i as time delay for force transmission
M S —— - ,: E (Tm)].
Particle velocity <
*‘/ Z  Table 2. Averaged data for healthy controls and DMD
patients
Force
. Evoked Maximal
from Lacourpaille et al (2014) n Torque, N-m EMD, ms Dm, ms Tm, ms
-15 - Controls 13 28 1.7 125+ 14 46 0.7 7920

DMD 13 0.3 £02% 18539 49=+1.7 136=*3.1%




# Ultrasound (anisotropy)

TAI= 093 TAI= 0.86

— — — — — — — — | — — T —

B — —— — —  W— —

}ff/ Fig. 2. Texture anisotropy index (TAI) values in moderate (A) and severe (B) muscle impairments in two patients with in-
y clusion body myositis. Patients in (A) and (B) had maximal isometric elbow flexor strength corresponding to 69% and 42% 2
of predicted values, respectively. Gray-scale index was 0.62 and (.75, respectively. ZINSTITUTEo
\ : J -— ,__

MYOLOGY

from Dubois et al (2018) Lot



# Shear wave elastography (shear modulus)

A
s
7
4
¥
T4 é-—f Ultrasound probe
____— Gel
Ergometer
100° 90° 70° 10° kPa

0

5
E
g 10
®
= 18
=

20

25 -

0 5 10 15 20 25 0 5 10 15 20 258 0 5 10 15 20 25 0 5 10 15 20 2
lateral (mm) lateral (mm) lateral (mm) lateral (mm)

from Bachasson et al (2018)
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ne and composition

S I ;- e
IR Skeletal muscle mass
(SMMm)
: J
®
£ Ro: Ftiree maes v | cuasuauaudog
g (FFM) Lean body mass
5 (LBM)
2
TEssentaifat | f T o
Non-essential Fat mass (FM)
fat l
- 18 -

from Nuijten et al (2021)



# Bioelectrical impedance analysis (BIA) muscle vo

Whole-Body Segmental Local Differential
(misleadingly named EIM)

== current
== voltage

L}
3
= L= 4
- . sun | '
NS KULP T ’ .1
050000 100000 150000 200000 250000 300000 350000 *7 — lNSTlTUTE OF
8

ODOD Il Seward Rutkove Laborator 4 Féuec ] '
GloP ARt Y MYOLOGY



# Bioelectrical impedance analysis (BIA)

A. cross-sectional area B. lean cross-sectional area (fat removed)

3000 4 group

3000 4

N
o
o
o
1

2000 4

O 10
O 20
O 30
O 40
QO so

Vimri (€M?3)
cVywmri (cm?3)

1000 - 1000 A

1000 2000 3000 1000 2000 3000

from Bachasson et al (2021)

_20_

VBIA (cm3) vBlA (cm3) Secured online dashboard

® controls

O patients

fat fraction (%)

Device

- <“

Data transmission

Patient consent
Data gathering

> Current electrodes

© Voltage electrodes



# Conventional ENMG

control

Detection (needle or surface electrodes)

Nerve conduction velocity (motor and sensitive nerves)

Evoked potentials (motor, somatosensory, visual, auditory...)

Rest, voluntary contraction, electrical or magnetic stimulation, superimposed stimulation, reflexes...

SRS

# Numerous signal detection and processing methods

# Hardly used in multicenter studies

[ |

_21_




# Motor unit number estimation (MUNE)
control
v CMAP
v"Incremental stimulation
v Multiple point stimulation
V" Spike triggered averaging and decomposition
v Statistical MUNE
v MUNIX...
CMAP (mV) MUNIX
16 250
14 o
\ = 2 _ 250
El 10 * g
5 ®| 200
2| s * ~ * . *
= = 150
=4 2 *
i a 100 ¥
0 0
CMAF AFB muscle CRIAP ADM CMAF deltoid CMAP trapezius  CMAF TA muscle MLUNIX APB MUNLX ADM MUNIX daeltoid  MUNIX trapezius MUNIX TA muscle
muscle miuscle muscle miuscle muscle muscle muscle
from Querin et al (2018) HsMA EHE Hsma Qe STITUTE or
ST MYOLOGY
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motor

# Mouscle fibre conduction velocity (high spatial resolution EMG)

control
innervation zone
A
motor unit \}\r
—— ( \
: —
== —0-0-0-
——
. . q
ropagation direction d MECV = —— 1
Propas AT AT
from Hogrel (2005)
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motor

# Muscle fibre conduction velocity

control
i [
4 M/\/
M S, /ﬁ/\/v\/ \/J/\/
AT
leSTlTUTEoF

S MYOLOGY
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# Muscle fibre conduction velocity

control muscular dystrophy severe carpal tunnel
1mV ‘ 10 ms
D\ A
1 2 3 4 5 6 1 2 3 4 5 6 2 3 4 5
MFCV (m/s) MFCV (m/s) MFCV (m/s)

MFCV=3.54 +0.37 m.s!

MFCV=2.17 +0.13 m.s!

_25_

MFCV=3.01 £0.20 m.s!
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Electrophysiological techniques i
. /} =
# Several wearables to monitor muscle activity crzg':::l
V" for muscle fatigue monitoring (using muscle fibre conduction velocity)
V" for controlling robotic arms
V" for rehabilitation
V" for biofeedback
B CE e e— e T e &
! Precision Full-wave Cbeiatiohal ,
: instrumentation precision > eF:m ifier |
| amplifier rectifier P :
| |
| |
I Ref A/D
¢ I
: — SIM32 converter | |
: Precision l I
| instrumentation = :
: amplifier /O ports |—> |
| module | |
S O O SR oy —y—r— (O L,
from Zhao et al (2020) “INSTITUTE or
S MYOLOGY
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. strength
Manuel muscle testing (MMT)

#
# Hand-held dynamometry (HHD)

# Fixed dynamometry (FXD - also know as QMT)
# |sokinetic dynamometry (IKD)

# Specific dynamometry

LV A
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strength

] I o
} Dashboard @
( Torque Sensor i
k. R‘D:T YE:T ?i: R‘IKWN ?‘07?0& 27 )
'I (== T
] ==
I N :
[ - PC
e Graphical User Interface
Figure 5. Conceptual diagram and visual representation of measurement using the device. Figure 5. Graphical diagram of the overall flow of the dynamometry system.
from Park et al (2024) from Cho et al (2023)
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Strength assessment

Model 78010

N

LN

il



http://www.pulse-medicalstore.co.uk/cgi-bin/awards_l/nonmemlg.w?anWqobiAaOgknMtf=ekcgFjidNiNldiiK&lcngPjNpcjdefGRb=0x0026b965

F.r=P.r

strength
# Specific dynamometry (exemple of the MyoTools)

A o
, 1
o o000 *
e Aol [
| B
|
> MVC=0.90 daN
‘ 110
- | 8 1 “J‘\‘ ‘f\‘u' . - N
L Speunare | NS Py
| iy | n
e » L
E ]
%" ] & I
, B \ ) ;
)
I




,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —~Ambulatory Patients with glucocorticoids
~Ambulatory Patients without glucocorticoids -
- Non-Ambulatory Patients with glucocorticoids
~-Non-Ambulatory Patients without glucocorticoid
h 15 !
Strength assessment A =\
e A / \ 4
~ Th!‘ ‘ | '1‘ i P ]
_.-E '#‘ A"‘F&‘ o F.r=P.ry
****************************************************************************************************** o)) TR ke
Ac A ¢ 10 ﬂg.ﬁ"fd"’,%&f"%gf# % strength
rip strength in = i { S
P 8 o VAW,
o v W
. 5 A
# Using proper dynamometers make the 5 ?Q\, "
mea.surements on the weakest patients still ._ """f\\‘ﬁ‘\f % P
feasible and reliable N NI
. WESESTRS A N
5 10 15 20 25 30

Age (years)

~
(o)}

\ '\‘;\\\‘ N {‘
AN
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[8)
o

o
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‘ A
‘\ﬂ; ..\".;u
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Grip Strength (%)

\'%
A r .\ ‘* 3

U R NN Y O
AP .

25 from Hogrel et al (2020)

X
\‘ \"é-:'\g\-’a‘.
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5 10 15 20 25 30 MYOLOGY

Age (yea I'S) CURE THROUGH INNOVATION




] strength
# Respiratory assessements

FVC, FEV1
SNIFF test
Cough test
MIP, MEP

L SEX

# Indirect measures of force (pressure), muscle length (volume) and contraction velocity (flow rate)

PEF 91, Flow (L/'sec)

..'{
Expiration

&£ = Inspiration




R T X i R e e o e e s
< B ————

Peritoneal |

layer modulus

map

Diaphragm

Liver

SM (kPa)

\ 120
\‘ L, (Visual feedback) - g 40 -
% Mouth pressure
\ Flow E 304
I - Esophageal balloon catheter 0 -
). --"_ Gastric balloon catheter A & 20
/ o’ 80
s .- Diaphragm 40 — 404
| g
20 = 30+
2
---Ultrasound probe pe= S P 0 = % 5 20 4
Lateral (mm) Lateral (mm) . . '
End-expiration End-inspiration 0 10 20 TITUTE of

time (s) )LOGY

v 10 AJGH INNOVATION

from Bachasson et al (2019)



# Orofacial, laryngeal, pharyngeal, swallowing muscles, speech muscles...

# Example of dysphagia

-2.000 %%
0.155

0.800-
0.600-
0,400

0.000-

-0.400-
-0.600-
-0.800-
-1.000-

-1.400-
-1.600-]
-1.800-

1.000-

strength




Gait analysis systems (markers)

Sensitive walkways
Insoles

Accelerometers or inertial measurement units (IMUs)

Video

Optical motion capture
using reflective markers

~_ from Kindzinski et al (2020)

Single-camera
recording

<

Video keypoint
detection algorithm
(e.g. OpenPose)

Cranio-caudal
accelerations

Antero-Posterior
accelerations

Medio-Lateral
accelerations

_35_

Healthy boy (natural gait)

T 7 l.. - : I"l' 7T
vy L I
II1Drr|.5~2
AP
||l| ! ] JIl ﬂ

yl ~*ﬂ']|i'¥ W A A Ak Lot -
AN

DMD boy (natural gait)




# Force plate
# Inertial measurement units (IMUs)
# Insoles

BBalance

SUPINATED NORMAL PRONATED



# Length and velocity of the center of pressure trajectory on a force plate
movement and motor skills

eyes open eyes closed

¥ ()
¥ (mm)

feet apart

S 40 30 -» -0 0 W 2 1 4 0

] ] ' ] | | o | | i
40 30 20 -0 0 10 20 30 40 50
X (mm) X (mm)

=ELy
50 -

¥ (mm)
¥ (mm)

feet together

X (mm)



02 consumption '
CO2 production movement and motor skills

#
#
# Heart rate
#
#

surface EMG, IMUs
Treadmill, bicycle, rowing machine

LV A
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# QMA-based method

# MpyoTone test

# HandClench Relaxometer

# Video hand opening test (vHOT)

A.
ED —
target e R
60 —
reaction
= time
[in] - .
8 - »
= target
w40 — V=T from Bulea et al (2022)
u [1+1|3"-"""]
B. i
N } Pk Force DNl « average poak foece
” Detoveen wrown
1 20 S
\ PN peak torce
o o
u.u I o & I -1 -] (-] I
0.0 0.5 10 15 20
* 00% relaxation time

* 50% relaxation time

Kg Force s
" -

&\/ % peah force — 10% relaxation time
| U, visualand verbal
Time —————————————s relaxationwarning TEoF
C gy -
from Statland et al (2012) from Hogrel (2009) from Hughes et al (2014) T AT e



# Isokinetic method during passive movements
movement and motor skills

25 -

Peak torque(Nm)

20 -

15 - : _ :
 —e— Control (n=24)
| —— S = [

0 —®—SCl(n=24)

5 -

* -
0 - S
30 °/s 60 °fs 120 °/s

Angular velocity (°/s)

Figure 2 Average peak torque in flexion movement of
control (n=24) and SCI (n=24) groups as studied velocities
(30, 60, 120° per second) g

from Franzoi et al (1999) =INSTITUTE of
A0 I:U’I)'OLOC)'
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# Example of the time-up-and-go (TUG) using a smartphone — ' -
#e Example ofMFM-play movemen motor skills

from Ponciano et al (2020)
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‘%% World of Wearable Technology Applications:
Function With Style

autonomy
Communi-
cation
ZINSTITUTEor
MYOLOGY
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# Gait assessement and continuous monitoring of physical activity

(a) ®) 1ri-axial accelerometer ..qﬁ%

Belt ;CDU, Arm band

Insoles D ——

Footwear @

TN [ ) R

FIGURE 2 Technological devices for portable and wearable gait analysis and continuous monitoring of physical activity. Examples of
portable and wearable devices used for gait assessment (3) and continuous monitoring of physical activity (b)

autonomy

from Bortolani et al (2022)
(V. A
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# Inertial measurement units (IMU)

autonomy
WAL sensor Data collection Handcrafted Machine Learning Force estimation Application
placement features extraction
_____ 3 Time in Random Forest Ve isease diagnosis an
| Accelerometer | e . kol s rehabilitation
_____ Decision Tree ane
- 1
L Seeees Maximum  Variance K phaaat Netaakisn M.l Parkinson  Dyskinesia
————— 1 Root mean square 9 .7
| Mepastometer, Frequency domain Vector Machine Foass : iti
B gyl Sl Support Vector o P Osteoarthritis
WM M Hidden Markov Model L ‘ '/ “’(”
Nicies Raduciicn Abnormal posture Assisted daily living
______ Deep Learning e Physical  Falling
LBt | Artificiel Neural Network © training  detection
1)) L Gebor | Automatic features Convolutional Neural Network _.,8 ﬁr Human-computer
E- = —I extraction R nt Neural Networh interaction
_____ o °
®
N Hybrid model Lower limb
from Lian et al (2023)
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# Activity trackers

autonomy
Table 4

Summary of all tools used with ambulatory and non-ambulatory

participants in DMD oo

Ambulatory —
Direct Tools Indirect Patient Reported Tools
Actigraph GT3X self made questionnaire
Motionlogger Watch modified activity diary
Actiwatch 2 PA gquestionnaire
StepWatch activity log
GENEActive | B
ASUR i | I ‘ ik ‘ ‘
MOX Accelerometry ( UL b LT 00 | \\‘\N\_“‘\” . | |
Actilafe 5 o - B ‘ s |

Non-Ambulatory
Direct Tools Indirect Patient Reported Tools

Actigraph GT3X self made questionnaire
Silmee Bar-type Light modified activity diary
Motionlogger Watch PA questionnaire
Actiwatch 2

GENEActive

MOX Accelerometry

Actimyo

LV A

from Uher et al (2023) = INSTITUTE or
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# Activity trackers

autonomy
Head/Hat
ALS (n=1), FD (n=3)
Proportion of studies based on the number of sensors used
Upper back
HD (n=1) &
ALS (1=2), CMT (n=2), FSHD (n=2), HD(n=5), PSP (n=1), FD (n=1), SCA
Trunk/Core/ Torso/T horax (n=3), FXS (n=2), PWS (n=1)
DMD (-2), ALS (n=2), HD (n=2), PSP (n=1),
FRDA (n=1), Rett(n=1)
Arm
Upper limb (general) DMD (1), CMT (n=1), & wosis (n=1), Sclerod (n=1)
ALS (n=1), SCA (n=1)
Lower back/ WastL umbar area/Hip/Pelvis Forearm
DMD (n=1), ALS (n=2), CMT (n~1) DMD (n=2), HD (n=2)
myokni dystophy (n=2), FSHD (n=2), MG
(m=2), HD (n=10), PSP (n=5), FD (n=1), SCA Wrist
(m=6), FXS (n=2), Dermatomyasitis (n=2), DMD (n=7), ALS (n=1), myotonic dystrophy (n=1), FSHD (n=2), SMA
PWS (n=6), Rett syndrome (n=1), TSC (n=1) (n=1), HD (n=8), PSP (n=2), SCA (n=4), FXS (0=1), FRDA (n=1), MPS
8] =2 B3 04 @5 @6 HUnknown (1=1), NPC (-2), TSC (n=1)
Hands
Other ALS (n=1), FD (n=2), SCA (n=2)
Wheekhair DMD (or tousers, n=1), SMA (n~1)
Bra/Bel/Pocket Pompe (n=1), HD (o=1) Flager
Teeshirt DMD (n-1) Lower limb (general) i
Unknown ALS (n=1), HD (n~4), SBMA (n=1), Fsbry (n=1), ALS (n=1), SCA (n=1) MS(:_DU-C?-'T (o=1), PSP
Narcolepsy (n=1), GM2 (n=1), Sarcoidasis (n=2) (n=1),FD (n=1)
Spoon FRDA (n=1) Thigh
CMT (n=1), HD (n=2), PSP (n=1), SCA (n=1),
Sarcodesis (n=1), PWS (n=1), Rett syndrome
from Poleur et al (2023) (0-3) Shin/S han k
DMD (0=2), HD (n=1), PSP (n=1), SCA
(n=1)
Ankle/Distal tibiae FeeUShoes 3
DMD (n=5), CMT (n=2), myotonic dystrophy (n=1), ALS (n=1), CMT (2=2), HD (n=4), PSP (n=3), W
FSHD (n=2), HD (02}, SCA (n=1), FXS {n=1), SCA (n=5), ), HSP (n=3), FXS (n=1), FRDA — INSTITUTE o

Sarcoidosis (n=1), PWS (n=2), Rett syndrome (n~2)

= MYOLOGY
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# Activity trackers Daily activity report gutbe : I?ffeﬁﬂii ‘
ubjec
Clobal Physical ACTvIty autonomy
Lireear cecliviies
index
o ‘:)
/ \“
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#e Activity trackers Example 1: A “60-minute” gym session Example 2: Activities of daily living
Q: How much time did you spend exercising yesterday? | Q: How much vigarous physical activity did you do autonomy
A: | went to the gym for 60 minutes yesterday?
HesFTH | 44 &t 4
“60-minute” workout
£ Z
L w
5 E zero physical activity reported
E =
SELF-
REPORT 6 pm 7 pm 8am 8 pm
Questionnaire: 60 mins VPA Questionnaire: 0 mins VPA
TN .
Kot i | AW &3
- ) . 1+2min  1minstair  2Zmin 1 min stair 3 min fast
Smin  3x2min 4x1min 10min fast walking climbing carrying bags climbing  walking
> warmup >
g 2
7] @
“ E E I I I
DEVICE ||
6 pm 7 pm 8am 8 pm
Device-measured: 25 mins VPA Device-measured: 10 mins VPA
Figure 1 Physical activity captured by self-report questionnaire (top panels) and wearable device (bottom panels) in two different scenarios: a
session in the gym (Example 1, left panels) and during intermittent activities of daily living (Example 2, right panels). Questionnaires overestimate
physical activity in the former but underestimate physical activity in the latter. N.B. Simplified examples to illustrate the central point. VPA, vigorous ‘8-
physical aciviy ZINSTITUTE of
e MYOLOGY

from Gill et al (2023)
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What do we heed??

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

28 July 2023
EMADOC-1700519818-1127132
Committee for Medicinal Products for Human Use (CHMP)

Qualification Opinion for Stride velocity 95th centile as
primary endpoint in studies in ambulatory Duchenne
Muscular Dystrophy studies



# Centralised platform : example of Aparito platform

W Free ¥ a@17:28 87 % .
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Home

@ Questionnaires
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Questionnaires

Fatigue Severity Scale

Short-Form McGill Pain
Questionnaire (SF-
MPQ)

International Physical
Activity Questionnaire
(IPAQ) - short version

ACTIVLIM (Adults)
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# Using Apps

ul Free 4G 16:34 98 % ()
- R
QoLGNMD

Instructions

. Your answers to this questionnaire
should reflect your own feelings and
not the feelings of anyone else.

2. You should read each question
yourself.

3. Someone can help answering for you,
but should not answer for you.

4. Please select the answer that best
describes your situation. A
spontaneous answer will give a better
indication of how you are feeling.

5. There are no right or wrong answers.

6. Your answers will remain strictly
confidential.

ul Free 4G 16:34 97 % ()
- =
QoLGNMD

General questions

1. Given your neuromuscular disease, how
has your health been over the last four
weeks?

2. Given your neuromuscular disease, how
would you describe your quality of life
over the last four weeks?

W oo
. Moderate

I W

ul Free 4G

@
QOLGNMD

16:34

Part I. The impact of your physical
symptoms

Please describe the effect of your
neuromuscular disease on your health
over the last four weeks: for each question,
please select the closest answer.

3. Have you felt physically tired on
waking up in the morning because of
your neuromuscular disease?

C) Every morning
() Often

. Occasionally

(P vover

4. How often have you needed to rest

_51_

97 % )

ul Free 4G 16:41

e
QOLGNMD

‘ | completed this questionnaire for
myself

| have answered on behalf of the
person | am caring for

(=)

94 % =)

psychology
neuropsychology
ul Free 4G 16:41 94 % =)
— Q
QoLGNMD

Thank you for taking the time to complete
this questionnaire.

()

LV A
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# Still place for many improvements in the domain of neuromuscular evaluations
# Many innovative devices in the pipeline
# Standardization, training and coaching are also key

# The place of Al will be growing

Neuromuscular monitoring devices - where to
go next?

Maxwell Simon Damian

from Damian (2021)
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Thank you for your attention

3 November 2023

©Jean-Yves Hogrel

jy-hogrel@institut-myologie.org

wwww.institut-myologie.org
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