
- 1 -

Annual Meeting
8th ERN EURO-NMD

Jean-Yves Hogrel

Institute of Myology

A panorama of devices for the non-invasive 
assessment of the neuromuscular system

5th – 7th March 2025

The ERNEURO-NMD is funded by the European Commission under the EU4Health programme (EURO-NMD23-27— 101156434 — EU4H-2023-ERN2-IBA)



- 2 -

P r e l i m i n a r y r e m a r k s

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

This survey is not exhaustive

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

I 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

I have to disclose a link of interest with some of the devices/methods because they have been developed in my lab
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C o m p l e m e n t a r i t y o f  m e a s u r e m e n t s

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)

mouvement motor abilities

quality of life

autonomy

strength
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T h e  v a r i o u s  l e v e l s  o f  i n v e s t i g a t i o n
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E x e m p l e  :  d i s t a l  m e a s u r e m e n t s

Imaging

EMG (CMAP)

Strength

Dexterity test (Purdue, 9 Hole Peg Test)

Scales (AbilHand, Cochin)
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I m a g i n g  t e c h n i q u e s

Magnetic resonance imaging (MRI)

from Carlier et al (2016)
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I m a g i n g  t e c h n i q u e s

Magnetic resonance imaging (MRI)

Early signs of active 
muscle damage

Muscle fatty 
replacement

Clinical signs (loss 
of function)

T2-weighted T1-weighted
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I m a g i n g  t e c h n i q u e s

Magnetic resonance imaging (MRI)
patient with LGMD2B

from Reyngoudt et al (2022)
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I m a g i n g  t e c h n i q u e s

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

from Meyerspeer et al (2021)

from Kim et al (2023)
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I m a g i n g  t e c h n i q u e s

MRI and AI

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

from Fritz and Fritz (2022)
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I m a g i n g  t e c h n i q u e s

CT-scan

healthy woman
24 y
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I m a g i n g  t e c h n i q u e s

CT-scan

woman with LGMD2A
24 y
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I m a g i n g  t e c h n i q u e s

CT-scan
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I m a g i n g  t e c h n i q u e s

Ultrasound

from Tan et al (2023)
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I m a g i n g  t e c h n i q u e s

Ultrasound (ultrafast imaging)

from Lacourpaille et al (2014)
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I m a g i n g  t e c h n i q u e s

Ultrasound (anisotropy)

from Dubois et al (2018)
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I m a g i n g  t e c h n i q u e s

Shear wave elastography (shear modulus)

from Bachasson et al (2018)
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I m a g i n g  t e c h n i q u e s

DEXA (dual-energy X-ray absorptiometry)

from Nuijten et al (2021)
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I m a g i n g  t e c h n i q u e s

Bioelectrical impedance analysis (BIA)

Whole-Body Segmental DifferentialLocal
(misleadingly named EIM)

current

voltage
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I m a g i n g  t e c h n i q u e s

Bioelectrical impedance analysis (BIA)

lean cross-sectional area (fat removed)cross-sectional area

from Bachasson et al (2021)

Current electrodes

Voltage electrodes

Secured online dashboard

Data transmission

Device

Patient consent
Data gathering
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E l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s

Conventional ENMG

✓ 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…

Numerous signal detection and processing methods

Hardly used in multicenter studies
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E l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s

Motor unit number estimation (MUNE)

✓ CMAP
✓ Incremental stimulation
✓ Multiple point stimulation
✓ Spike triggered averaging and decomposition
✓ Statistical MUNE
✓ MUNIX…

from Querin et al (2018)
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E l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s

Muscle fibre conduction velocity (high spatial resolution EMG)

propagation direction

motor unit

innervation zone

T
d MFCV =

d

T
from Hogrel (2005)
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E l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s

Muscle fibre conduction velocity

S1

S2

T
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E l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s

Muscle fibre conduction velocity

1 2 3 4 5 6
MFCV (m/s)

1 2 3 4 5 6
MFCV (m/s)

MFCV=3.54 ±0.37 m.s-1 MFCV=2.17 ±0.13 m.s-1 MFCV=3.01 ±0.20 m.s-1

10 ms1 mV

control muscular dystrophy severe carpal tunnel

1 2 3 4 5 6
MFCV (m/s)
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E l e c t r o p h y s i o l o g i c a l  t e c h n i q u e s

Several wearables to monitor muscle activity

✓ for muscle fatigue monitoring (using muscle fibre conduction velocity)
✓ for controlling robotic arms
✓ for rehabilitation
✓ for biofeedback

from Zhao et al (2020)
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S t r e n g t h  a s s e s s m e n t

Manuel muscle testing (MMT)
Hand-held dynamometry (HHD)
Fixed dynamometry (FXD - also know as QMT)
Isokinetic dynamometry (IKD)
Specific dynamometry



- 28 -

S t r e n g t h  a s s e s s m e n t

New dynamometers every year

from Park et al (2024) from Cho et al (2023)
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S t r e n g t h  a s s e s s m e n t

The particular case of grip strength assessment

9360165

http://www.pulse-medicalstore.co.uk/cgi-bin/awards_l/nonmemlg.w?anWqobiAaOgknMtf=ekcgFjidNiNldiiK&lcngPjNpcjdefGRb=0x0026b965
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S t r e n g t h  a s s e s s m e n t

Specific dynamometry (exemple of the MyoTools)
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S t r e n g t h  a s s e s s m e n t

Grip strength in DMD

Using proper dynamometers make the 
measurements on the weakest patients still
feasible and reliable

from Hogrel et al (2020)
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R e s p i r a t o r y  m u s c l e s

Respiratory assessements

✓ FVC, FEV1
✓ SNIFF test
✓ Cough test
✓ MIP, MEP

Indirect measures of force (pressure), muscle length (volume) and contraction velocity (flow rate)
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R e s p i r a t o r y  m u s c l e s

Ultrasound : diaphragm

from Bachasson et al (2019)
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M u s c l e s  o f  t h e  f a c e  a n d  t h e  n e c k

Orofacial, laryngeal, pharyngeal, swallowing muscles, speech muscles…

Example of dysphagia
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G a i t  a n a l y s i s

Gait analysis systems (markers)
Sensitive walkways
Insoles
Accelerometers or inertial measurement units (IMUs)
Video

from Kindzinski et al (2020)
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P o s t u r e  a n a l y s i s

Force plate
Inertial measurement units (IMUs)
Insoles

BBalance
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P o s t u r e  a n a l y s i s

Length and velocity of the center of pressure trajectory on a force plate

eyes open eyes closed

feet apart

feet together
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M e t a b o l i c  c o s t s  o f  m o t o r  t a s k s

O2 consumption
CO2 production
Heart rate
surface EMG, IMUs
Treadmill, bicycle, rowing machine
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M y o t o n i a

QMA-based method
MyoTone test
HandClench Relaxometer
Video hand opening test (vHOT)

from Statland et al (2012) from Hughes et al (2014)from Hogrel (2009)

from Bulea et al (2022)
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S p a s t i c i t y

Isokinetic method during passive movements

from Franzoi et al (1999)
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D i g i t a l i z a t i o n  o f  t i m e d  t e s t s  a n d  s c a l e s

Example of the time-up-and-go (TUG) using a smartphone
Example of MFM-play

from Ponciano et al (2020)
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C o n n e c t e d o b j e c t s ,  I O T,  w e a r a b l e s ,  a p p s …
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

Gait assessement and continuous monitoring of physical activity

from Bortolani et al (2022)
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

Inertial measurement units (IMU)

from Lian et al (2023)
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

Activity trackers

from Uher et al (2023)

in DMD
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

Activity trackers

from Poleur et al (2023)
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

Activity trackers
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

Activity trackers

from Gill et al (2023)
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D a i l y  l i f e  p h y s i c a l  a c t i v i t y  a n a l y s i s

ActiMyo (then Syde)
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C o n n e c t e d o b j e c t s ,  I O T,  w e a r a b l e s ,  a p p s …

Centralised platform : example of Aparito platform
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D i g i t a l i z a t i o n  o f  s c a l e s

Using Apps
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P e r s p e c t i v e s

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 AI will be growing

from Damian (2021)
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