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Baude M, Nielsen JB, Gracies JM. 
The neurophysiology of deforming spastic paresis: A revised taxonomy. 
Ann Phys Rehabil Med. 2019;62(6):426-430

This paper revisits the taxonomy of the neurophysiological consequences of a persistent impairment of motor 
command execution in the classic environment of sensorimotor restriction and muscle hypo-mobilization in 
short position. Around each joint, the syndrome involves 2 disorders, muscular and neurologic. The muscular 
disorder is promoted by muscle hypo-mobilization in short position in the context of paresis, in the hours and 
days after paresis onset: this genetically mediated, evolving myopathy, is called spastic myopathy. The 
clinician may suspect it by feeling extensibility loss in a resting muscle, although long after the actual onset of 
the disease. The neurologic disorder, promoted by sensorimotor restriction in the context of paresis and by the 
muscle disorder itself, comprises 4 main components, mostly affecting antagonists to desired movements: the 
first is spastic dystonia, an unwanted, involuntary muscle activation at rest, in the absence of stretch or 
voluntary effort; spastic dystonia superimposes on spastic myopathy to cause visible, gradually increasing body 
deformities; the second is spastic cocontraction, an unwanted, involuntary antagonist muscle activation during 
voluntary effort directed to the agonist, aggravated by antagonist stretch; it is primarily due to misdirection of 
the supraspinal descending drive and contributes to reducing movement amplitude; and the third is spasticity, 
one form of hyperreflexia, defined by an enhancement of the velocity-dependent responses to phasic stretch, 
detected and measured at rest (another form of hyperreflexia is "nociceptive spasms", following flexor reflex 
afferent stimulation, particularly after spinal cord lesions). The 3 main forms of overactivity, spastic dystonia, 
spastic cocontraction and spasticity, share the same motor neuron hyperexcitability as a contributing factor, all 
being predominant in the muscles that are more affected by spastic myopathy. The fourth component of the 
neurologic disorder affects the agonist: it is stretch-sensitive paresis, which is a decreased access of the central 
command to the agonist, aggravated by antagonist stretch. Improved understanding of the pathophysiology of 
deforming spastic paresis should help clinicians select meaningful assessments and refined treatments, 
including the utmost need to preserve muscle tissue integrity as soon as paresis sets in.







Deforming Spastic Paresis?

Little WJ. “Deformities of the human frame”, 1843 



Which factors impede movements?

Gracies, 2021 



Deforming spastic paresis is first a 
problem with the antagonist.

Tardieu, throughout his career

But which problem? 



Physiology must be 
able to explain life’s 
phenomena, provided 
it remains built upon 
the knowledge of 
histology.

Claude Bernard, c 1845



The Syndrome of 
Deforming Spastic Paresis 

= 
Spastic Myopathy 

+ …





- Arm movements observed for >5h/day in homes and 
local community of 21 older people age 73 (SD 7). 

- Duration (min/hr) of arm positions > 90° elevation + 
purpose (manipulating, holding, reaching, 
pulling/pushing, or gesturing) recorded.

- Participants' arms spent 0.6 min/hr at > 90° elevation 

~ 6-12 min / waking day !

Schurr K, Ada L. Observation of arm behaviour in healthy elderly 
people: implications for contracture prevention after stroke. 

Aust J Physiother. 2006;52(2):129-33

Time of arm positions in healthy subjects



Singer et al, 2002 
Gracies, 

2003

Immobilization
or hypo-

mobilization in 
short position

= 
Muscle aggression
worse than stroke

(Jalal et al, 2019)



Four groups :
- S: “Stroke” without immobilization
- I: "Immobilization” without stroke
- S+I: “Stroke+Immobilization”
- C: “Sham” (failed strokes)

Duration : 14 days

Muscle structure:
Role of Immobilization vs Stroke?

Jalal N, Gracies JM, Zidi M. Mechanical and microstructural changes of 
skeletal muscle following immobilization and/or stroke. 

Biomech Model Mechanobiol. 2020;19(1):61-80



Methods

Jalal N, Gracies JM, Zidi M. Mechanical and microstructural changes of skeletal 
muscle following immobilization and/or stroke. 

Biomech Model Mechanobiol. 2020;19(1):61-80



Histology of flexor carpi ulnaris
Red Sirius: quantification of collagen

Stroke w/o 
Immobilization

Immobilization w/o 
stroke

Jalal N, Gracies
JM, Zidi M. 

Mechanical and 
microstructural 

changes of 
skeletal muscle 

following 
immobilization 
and/or stroke. 

Biomech Model 
Mechanobiol. 

2020;19(1):61-80





Finger flexor angles



Five Step Assessment – Shoulder extensors

1. Angle 2. XP

3. XV1 4. XV3



4. XA

5. XA15

Five Step 
Assessment –

Shoulder 
extensors



Step 2 => “Coefficient of Shortening”
= Muscle disorder

Maximal passive range of motion XV1
Expected physiological value: XN

Coefficient of Shortening = (XN-XV1)/XN

Gracies. Coefficients if impairment in spastic paresis. 
Ann Phys Med Rehabil 2015



Steps 4+2 => “Coefficient of Weakness”
= Neurological disorder

Maximal active range of motion XA
Maximal passive range of motion XV1

Coefficient of Weakness = (XV1-XA)/XV1

Gracies. Coefficients of Impairment in Spastic Paresis. 
Ann Phys Med Rehabil 2015



Pradines et al, Does the muscle disorder contribute to
the neurological disorder in spastic paresis? Front Neurol 2022, in press

Paretic upper 
and lower limb 
are two different 
beasts



Chronic hemiparesis

N=38 N=82
Pradines et al, Does the muscle disorder contribute to

the neurological disorder in spastic paresis? Front Neurol 2022, in press

Role of histological muscle changes in 
active movements



In words..

In the paretic lower limb (~50%) 
and to a lesser degree in the paretic 

upper limb (~16%?),

active movement capacities
are determined by

passive movement capacities.
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Pradines et al, submtted

Pradines et al, Does the muscle disorder contribute to
the neurological disorder in spastic paresis? Front Neurol 2022, in press

Paretic upper and lower limb are two different beasts



Pradines et al, submtted

Pradines et al, Does the muscle disorder contribute to
the neurological disorder in spastic paresis? Front Neurol 2022, in press

Role of 
histological 

muscle changes 
in increasing 

cocontractions?



In words..Double nature of ‘coefficients of 
shortening’ and ‘of weakness’?

• XV1 = a mostly histological measure: XV1 measurements 
after lidocaine blocks still remain far from expected 
physiological values (Winston et al, 2019)

• XA = a mostly neurological measure, of cocontractions: XA

markedly increased after lidocaine blocks (Winston et al, 
2019)

Winston P, Mills PB, Reebye R, Vincent D. Cryoneurotomy as a 
Percutaneous Mini-invasive Therapy for the Treatment of the Spastic Limb: 

Case Presentation, Review of the Literature, and Proposed Approach for 
Use. Arch Rehabil Res Clin Transl. 2019 Oct 17;1(3-4):100030



The Syndrome of 
Deforming Spastic Paresis 

= 
Spastic Myopathy 

+ Spastic Cocontraction



Spastic cocontraction recording during gait

Ghédira et al, Clin Biomech, 2021



  Subjects (n) 42 
  Age (y) 50 ± 15 
  Time since paresis onset (y) 7 ± 7 

Gender   
  Female (n) 14 
  Male (n) 28 

Paretic side   
  Left (n) 28 
  Right (n) 14 

Cause   
  Ischemic stroke (n) 21 
  Hemorrhagic stroke (n) 10 
  Non-evolutive tumor (n) 6 
  Traumatic brain injury (n) 5 

Comfortable gait   
  Speed (m/s) 0.66 ± 0.26 
  Paretic step length (m) 0.47 ± 0.12 
  Non paretic step length (m) 0.41 ± 0.16 
  Cadence (step/s) 1.47 ± 0.27 

 

Agonist and antagonist 
activation around the 
ankle during the swing 
phase of gait in 
hemiparesis

Ghédira M, Albertsen IM, Mardale V, Loche CM, Vinti M, Gracies JM, Bayle N, Hutin E. Agonist and 
antagonist activation at the ankle monitored along the swing phase in hemiparetic gait. 

Clin Biomech (Bristol, Avon). 2021 Oct;89:105459
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Individual data

Tibialis 
anterior

Soleus

Gastroc 
medialis

Ghédira M, Albertsen IM, Mardale V, Loche CM, Vinti M, Gracies JM, Bayle N, Hutin E. Agonist and 
antagonist activation at the ankle monitored along the swing phase in hemiparetic gait. Clin Biomech 

(Bristol, Avon). 2021 Oct;89:105459



Ia

a

Gracies, 2021 

g

Hypothesis for stretch-sensitive 
paresis and for spastic cocontraction

?

Pré- ou post 
synaptic?

Tib AntGastroc

Soleus



The Syndrome of 
Deforming Spastic Paresis 

= 
Spastic Myopathy 

+ Spastic Cocontraction !

- Botulinum toxins ~ effective but crude way 
to take care of excessive muscle activations 
(only)

- Comprehensive approach?  Let us start 
by trying to take care of the sick muscle



“It is often said, and 
rightly so, that science 

advances in fits, 
according to successes 
in the methodological 

field. … This is why our 
most urgent task was the 

development of a 
Method.”

Ivan Petrovitch PAVLOV, 1897
Conferences on the activity of the main digestive glands. 

I. Pavlov. Selected works, ed. Kh. Kochtoianz, Moscow, 1954. p.92



Rectus 
femoris

2nd step
= 

Maximal
extensibility?

= 
XV1

= 
Slow and 

strong passive 
movement by 

clinician

Five Step Assessment
Muscle disease?

Passive range of motion: XV1

Expected value: XN

Coefficient of Shortening = (XN-XV1)/XN

Gracies. Coefficients if impairment in spastic paresis. 
Ann Phys Med Rehabil 2015



4th step
= 

What can the 
agonist achieve 

against the tested 
antagonist?

= 
XA

= 
Active Movement 

by patient

Rectus 
femoris

Maximal active ROM XA
Maximal passive ROM XV1

Coefficient of Weakness = (XV1-XA)/XV1

Gracies. Coefficients of Impairment in Spastic Paresis. 
Ann Phys Med Rehabil 2015

Five Step Assessment
Neurological disease?



HamstringsHamstrings XA

Five Step 
Assessment
neurological  

disorder?



Rectus femoris XV1, XA



Gluteus maximusGluteus maximus, 
XV1, XA

Coefficient of Weakness = (XV1-XA)/XV1

Five Step
Assessment



Shoulder extensors

Coefficient of Fatigability = (XA-XA15)/XA



Pronator teresPronator teres



Objectif :

Etudier relation extensibilité musculaire et association 
parésie/cocontraction

Hypothèses : 

1.Au-delà d’un certain seuil de perte d’extensibilité, 
influence myopathie spastique sur commande descendante

2.Au-delà d’un certain seuil de perte d’extensibilité, 
influence myopathie spastique sur fonction active

Influence maladie du muscle sur commande?

Pradines et al, Ann Phys Rehabil Med 2018



Critères de sélection 
- Unique AVC, ≥1 an
- Pas de toxine < 3 mois
- 6 muscles testés
- Marche autonome

Muscles évalués 
6 Mb Sup - Inf

Critères d’évaluation 
XV1 extensibilité
XA actif
CR coeff raccourcissement
CF coeff faiblesse
MFS (Frenchay)
Vitesse marche

Traitement données – Analyse
XN 180°
XV1 XA CR CF normalisés

Analyse statistique : sur 6 muscles et composite
1.Régression XV1 et XA et CR et CF 

2.CR et CF = fact prédictifs  et fonction

3.CR ou CF = prédictifs pour plusieurs muscles : multivariable

Méthodes
EE: Ext Epaule

SS : Sous scapulaire

FC: Flech coude

FP : Flech 
poignet

CP : Carré 
pronateur

FD : Flech doigts

GF: Grand 
Fessier

IJ: Ischio 
Jambiers

SO : Soléaire
GN : Gastroc

Pradines et al
Ann Phys Rehabil Med 2018



Pradines et al. Ann Phys Rehabil Med 2018
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Côté parétique 42G 19G

Type lésionnel 66 I 22I
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Résultats descriptifs

Pradines et al Ann Phys Rehabil Med 2018



Spastic Myopathy post Immobilisation = 
THERAPEUTIC OPTIONS

Gracies, 2010

- Electrical stimulation, vibration, US, shock/short waves?
- Nutrition?  leucine (Baptista et al, 2010)?

- Pharmacological?

 tétracyclines (effects on muscle and bone..)
 water saturated with hydrogen (antioxydant)

Minimisation of immobilisation? Stretching? 
Kelleher, 2015 = genetic reversibility of spastic 

myopathy

Nagata et al, 2009; Carmeli et al, 2009; Baptista et al., 2010; Dirks et al, 2014





Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



Objectives : Assess structural changes and passive 
extensibility in triceps surae + function, following a 
guided self-stretching program

Inclusion :   1st stroke > 1 year ; comfortable 
barefoot walking speed >0.1 et <1.2m/sec

Self-stretching and structural muscle changes

Ancillary to Neurorestore

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



J1: Evaluation biomécanique/clinique + Randomisation (n=23)

Rééducation conventionnelle (CONV) 
(n=11)

Contrat d’Autorééducation Guidée 
(CAG) + Rééduc conv. (n=12)

M12: Analyse biomécanique / Evaluation clinique (n=23)

Recrutement préliminaire: sujets adultes atteints d'hémiparésie chronique observés au 
centre Hospitalier Mondor (n=31)

Patients non inclus (n=8): 
- >1 AVC ou hémiparésie sur autre
cause (n=5)
- Troubles cognitifs sévères (n=3)

Etude prospective randomisée contrôlée
en simple insu – ancillaire PHRC Neurorestore

1h30 à  dom 
1 fois / 2 sem

Toxine botulique autorisée 



Publicly funded project Neurorestore
HU Mondor

Pradines et al, NNR 2019, in press



Publicly funded Neurorestore project - Flow chart

Pradines et al. 
Neurorehabil 
Neural Repair. 
2019;33(4):245
-259



- CONV group: conventional community-based therapy 
sessions, based upon prescription by physician and patient 
requests

- GSC group: conventional sessions allowed, plus one visit 
every other week by study therapist to prescribe the 
program, teach self-stretching techniques on specific 
muscles and verify diaries

- In both groups: local treatment with BoNT (+/- systemic) 
allowed

Description of the two groups

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



Retrospective study - Mistry, Gracies, in preparation 
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CAG : Techniques enseignées au patient 

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



CAG : Techniques enseignées au patient 

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



Quantified Diary+++++
Catherine 20 mn Flexion/mn 20 mn Flexion/mn 15 mn Flexion/mn

Etirement hanche Etirement hanche Etirement genou Soléaire Moment Divers relevés de
Grand Fessier genou plié Ischio jambier genou droit Droit antérieur fesse Pied

jeudi 26/01/12 20 3X21 20 3X23 10 3X26 3 10H00 Kiné 3X19
vendredi 27/01/12
samedi 28/01/12 20 3X21 20 3X24 10 3X27 17H00 3X18
dimanche 29/01/12
lundi 30/01/12 3X17
mardi 31/01/12 20 3X20 20 3X25 10 3X26 5 10H00 Kiné 3X19
mercredi 01/02/12
jeudi 02/02/12 20 3X21 20 3X24 10 3X26 5 10H00 Kiné 3X19
vendredi 03/02/12
samedi 04/02/12 20 3x20 20 3X23 10 3X25 18H00 3X19
dimanche 05/02/12 4X17
lundi 06/02/12 3X17
mardi 07/02/12 20 3X21 20 3X24 10 3X26 5 10H00 Kiné 3X17
mercredi 08/02/12 3X17
jeudi 09/02/12 20 3X21 20 3X24 10 3X26 5 10H00 Kiné 3X17
vendredi 10/02/12
samedi 11/02/12 20 3X21 20 3X23 10 3X26 21H00 3X17
dimanche 12/02/12 3X17
lundi 13/02/12
mardi 14/02/12 20 3X19 20 3X23 10 3X26 5 10H00 Kiné 3X15
mercredi 15/02/12 3X18
jeudi 16/02/12 20 3X21 20 3X23 10 3X26 5 10H00 Kiné 3X17
vendredi 17/02/12 3X18
samedi 18/02/12 20 3X19 20 3X23 10 3X26 10H00 3X18
dimanche 19/02/12 20 3X21 20 3X24 10 3X26 10H00 Kiné 3X17
lundi 20/02/12 3X19
mardi 21/02/12 20 3X19 20 3X24 10 3X26 5 10H00 Kiné 3X19
mercredi 22/02/12 3X20
jeudi 23/02/12 20 3X20 20 3X24 10 3X26 5 10H00 Kiné 3X19
vendredi 24/02/12 3X20
samedi 25/02/12 3X20
dimanche 26/02/12 20 3X21 20 3X23 10 3X26 10H00 3X21











Ultrasound 
diagnostic 
scanner model 
EZU-MT24-S1 
(Hitachi)
Calibrated image 
Frequency 13Mhz 
Depth 50mm

Ankle ergometer with two force platforms (Techno Concept)

g-BS amp g-tech 
Surface 
EMG

Biomechanical assessment

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



Methods

Pradines et al. 
Neurorehabil Neural 
Repair. 
2019;33(4):245-259



MéthodesClinical assessment

XV1 Composite = (XV1GAS+XV1SOL +XV1GM +XV1RF) / 4



Gracies, 2018 

Subject characteristics CONV (n=11)GSC (n=12)
Age (years) 55±13 57±11
Time since lesion (years) 8±5 10±9
Gender 8M 5M
Paretic side 6R 6R
Lesion type 8I 8I

Architectural parameters
Sol fascicle length (mm) 40.0±16 37.9±18.4
MG fascicle length (mm) 30.5±5.5 31.3±8.6
Sol thickness (mm) 13.3±3.2 13.0±2.1
MG thickness (mm) 11.9±2.1 14.3±4.2

Clinical parameters
XV1SOL (deg) 102.0±2.0 99.8±1.9
XV1GAS(deg) 97.4±2.6 93.2±2.2
XV1GM (deg) 126.5±7.9 120.8±13.9
XV1RF (deg) 213.3±14.1 204.2±11.3
XV3SOL (deg) 85.0±5.0 85.4±5.4
XV3GAS (deg) 82.7±6.1 79.6±6.3
Ambulation speed (m/sec) 0.76±0.3 0.60±0.1

RésultatsAt baseline..

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259

Healthy subjects
43 mm
40 mm 
15.5 mm
17 mm
Gao et al, Arch Phys Med 
Rehabil 2009; Zhao, Appl 
Physiol 2015; Simpson CL 
et al, Scand J Med Sci 
Sports. 2017; Maganaris et 
al, J; Bolsterlee B… 
Gandevia SC, Herbert RD. 
J Biomech. 
2015;48(6):1133-40



Gracies, 2018 

Résultats

Pradines et al, NNR 2019, in press



Gracies, 2018 

Injections TB

Pradines et al, NNR 2019, in press



• Mean time of conventional therapy:

- CONV: 81.8±55 min (1h30)/week = 12 min/d
- GSC: 57.8±37.5 min (1h)/week = 8 min/d

• GSC: mean reported daily time of self-stretch/muscle:

- Soleus: 5.0±3.3 min/d
- Gastrocs: 5.0±2.1 min/d
- Glut Max: 6.3±3.2 min/d
- Rectus fem: 8.4±3.9 min/d

• BoNT injections:

- Triceps surae: CONV n=2, GSC n=3
- Rect Fem: CONV n=1, GSC n=1

Descriptive results: treatments

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



Outcomes

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259
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Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259
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Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



y = 0.53x - 0.28
R = 0.64; p=0.03
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Relation 
self-stretch time – extensibility changes

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



y=0.02x-1.91
R=0.36; p=0.07 
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Limitations
- Sample size / visibility of fascicles in paretic subjects
- Position in ergometer (soleus pre-tension, not GM)
- Two types of stretching techniques

Conclusion: One year prospective randomized controlled 
trial in chronic spastic paresis: a daily self-stretching 
program within Guided Self-rehabilitation Contracts (GSC):

fascicle length 
muscle extensibility
ambulation speed

Compared with conventional therapy

Discussion

Pradines et al. Neurorehabil Neural Repair. 2019;33(4):245-259



Springer, 2016

In practice

Slides developed by Professor Jean-Michel Gracies, MD, PhD (Hôpitaux Universitaires Mondor, Université Paris-Est Créteil, France)



 5x2 Min 
4x15 Sek

 5x2 Min  4x15 Sek

5x2 Min 4x15 Sek

A 
prescription ! 



2Minx5 15 Secx4

2 Minx5 15 Secx4

A prescription!

2Minx5 15 Secx4



Gracies, 2003 

Guided
Self-rehab =
Contract

1. Patient works and documents
2. Therapist teaches and coaches

Woman 38 years old
Right MCA stroke Oct 2013
PT twice a week until Feb 2015 

Status Feb 2015 



Gracies, 2003 



Gracies, 2003 



Gracies, 2019 

Feb 2015
M17 post stroke



Shoulder 
adductors/extensors 



Sukal TM, Ellis MD, Dewald JP. Shoulder abduction-induced reductions in
reaching work area following hemiparetic stroke: neuroscientific implications.

Exp Brain Res. 2007;183(2):215-23



Sukal TM, Ellis MD, Dewald JP. Shoulder abduction-induced reductions in
reaching work area following hemiparetic stroke: neuroscientific implications.

Exp Brain Res. 2007;183(2):215-23



Decrease in finger flexor cocontraction 
when fight ↓ against shouder extensors

Pre 5 minutes post
Injection lidocaine 2%

Pectoralis Major: 4 cc
Long head of triceps: 2 cc
Teres major: 1 cc
Latissimus dorsi: 1 cc
Rhomboïds (maj + min) 2 cc Gracies, 2021 



Alhajri, Gracies, in preparation 

Increase in shoulder extensor extensibility associated
with greater hand opening in reaching efforts - n=16
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M13 post stroke

24 nov 2014
Lang CE, Wagner JM, Bastian AJ, Hu Q, Edwards DF, Sahrmann SA, Dromerick AW. Deficits in grasp versus 

reach during acute hemiparesis. Exp Brain Res. 2005;166(1):126-36



Against pectoralis major

Treatment of myopathy
= Stretching postures

Treatment of 
cocontraction

Rapid Alternating 
Movements of 

maximal amplitude, 
unassisted



4 years of Self-Rehabilitation Contract

Nov 14 – M13 post stroke

Mar 16 – 2,5 yrs post

Jul 15 – M21

Mar 17 – 3,5 years post stroke



4 years of Self-Rehabilitation Contract

Nov 14 – M13 post stroke Jul 16 – 2,5 years

Mar 17 – 3,5 years post stroke Sept 17 – 4 years post stroke



Against long head of triceps

Stretching postures
Muscle disorder

Rapid Alternating 
Movements of maximal 
amplitude, unassisted
 Neurological disorder

mp4



Work against long head of triceps



Against elbow flexors

Stretching postures
Muscle disorder

Rapid Alternating 
Movements of maximal 
amplitude, unassisted
 Neurological disorder

mp4



Nov 14 – M13

Dec 16 – M38

4 years of Self-rehabilitation Contract

Nov 14 - downwards



Against pronator quadratus
Group workshop



Elbow large supinations vs pronator teres

Jan 18 – 4.5 years post stroke

4 years of Self-rehabilitation Contract



Against finger flexors
Stretching postures
Muscle disorder

Rapid Alternating 
Movements of maximal 
amplitude, unassisted
 Neurological disorder

mp4

Wrist 
flexed

Wrist 
in 

neutral



05/12/17 – Y4

21/03/18 – Y4,5

16/01/18 – Y4,2

19/06/18 – Y4,5

13/09/18 – Y4,9

11/12/18 – Y5

Work against 
cocontraction 
of extrinsic 
finger flexors



Quantification of 2 critical aspects of hand function, ‘strength’, and 
independent control of fingers (individuation). 
n = 54 patients with hemiparesis over first year after stroke. 
Most recovery of strength and individuation occurred within 

the first 3 mo. 
Recovery of ‘strength’ and individuation tightly correlated up to 

a ‘strength’ level of ~60% of estimated premorbid strength; 
beyond this threshold, strength improvement was not
accompanied by further improvement in individuation. 

Separable systems for recovery of finger strength and control after stroke
Xu J, Ejaz N, Hertler B, Branscheidt M, Widmer M, Faria AV, Harran MD, 
Cortes JC, Kim N, Celnik PA, Kitago T, Luft AR, Krakauer JW, Diedrichsen 

J. J Neurophysiol. 2017;118(2):1151-1163

What we need to function is individuation, more 
than amount of agonist recruitment



Dec 17 – M46 Ext II-V Dec 17 – M46Oct 17 – M44

Ext II Mar 18 – M49 Ext II Dec 18 – M58

Work against cocontraction of FDS-FDP II

Lang CE, Schieber MH. Reduced muscle selectivity during individuated finger movements in humans 
after damage to the motor cortex or corticospinal tract. J Neurophysiol. 2004;91(4):1722-33



Ext III post II preT 
Dec 17 – M46

Oct 17 – M44

Ext III post II post T 
Jan 18 – M49

Ext III Mar 18 – M49 Ext III pre T-
Jun 18 – M52

Ext III 
post T-

Sep 18 –
M55

Ext III 
post T-

Dec 18 –
M58

Work against 
cocontraction 

of FDS-FDP III



Dec 16 – 3 yrs

Gracies, 2005 

Jan 18 – M47 Mar 18 – M49

Jun 18 pre – M52 Sep 18 post – M55 Dec 18 – 5 yrs

Work against cocontraction of Palmar IO



Gracies, 2003 



Gracies, 2019
Dec 18 – Y5

Mar 15 – M17



© Dr C Gault-Colas

22/03/15 – M18 22/03/16 – M30

15/01/18 – Y4 11/12/18 – Y5Thank you !



© Dr C Gault-Colas

22/03/15 – A1 22/03/16 – A2

15/01/18 – A4 11/12/18 – A5
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