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Nerve regeneration is not topographically guided

Ulnar Median
Innervation

Brushart, 2011. Nerve Repair.

Witzel et al. (2005). J Comp Neurology.

Discontinuous receptive fields

Hallin et al. (1981). Exp Neurology.

Impaired touch localisation

Reinnervation errors

Distal 



Disordered digit maps after nerve repair

Kaas (1991). Annual Review of Neuroscience

Normal Map Repair

Wall et al. (1986). J Neuroscience

[See also, Merzenich & Jenkins, 1993; Paul et al., 
1972; Florence et al., 1994; Florence et al., 2001] 
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Purpose

R
central sulcus

fMRI data: Control participant 
showing typical ‘digitopy’

Are the digit maps in S1 altered after hand nerve repair? 
If so, what do these changes mean for patient recovery? 



Rehab theory
§ Current therapies — unsubstantiated assumptions 

§ Sensory Re-education 
Therapy—‘re-educate’ touch 
(may include sensory substitution and mirror 
therapy) 

Functional 
Significance

Rehab 
Practice

Brain 
Changes

§ Disordered hand maps.

H1: Hand nerve repair alters the organisation of digit maps in S1
H2: And these changes limit patient recovery.



Methods: MRI

Patients: N = 21
• 10 ulnar; 6 median; 5 ‘both’
• Age: mean = 40 y, range: 21–75 y
• Gender: 7 female
• Handedness: 18 right

Stimulation epoch: 4.0s 
500ms on – 500ms off @ 30Hz

Vibrotactile 
stimulators

Controls: N = 30
• Age: mean = 31 y, range: 19–63 y
• Gender: 13 female
• Handedness: 28 right

• 5 functional runs (2mm3), per hand



Rewiring hypothesis

typical innervation 
in the hand

typical pattern of 
interdigit response 
separability in S1

No nerve injuryA

typical spatial 
arrangement of digit 
response maps in S1 

lateral medial

D1 D5D2 D3 D4

high

low
D1 D2 D3 D4 D5

D1

D2

D3

D4

D5

Ejaz et al. 2015

Representational Distances
(cross-validated Mahalanobis distance) 



Rewiring hypothesis

typical innervation 
in the hand

typical pattern of 
interdigit response 
separability in S1

No nerve injuryA

typical spatial 
arrangement of digit 
response maps in S1 

lateral medial

D1 D5D2 D3 D4

high

low
D1 D2 D3 D4 D5

D1

D2

D3

D4

D5

Ejaz et al. 2015

Representational Distances
(cross-validated Mahalanobis distance) 

lateral medial

D1 D5D3

D2

D4

atypical spatial 
arrangement of digit 
response maps in S1 

After median nerve repairB
atypical innervation 

in the hand
reinnervation 

errors
D2 and D3 nerves 
have exchanged 

positions

D1 D2 D3 D4 D5

D1

D2

D3

D4

D5

Increase

No difference

Decrease

atypical pattern of 
interdigit response 
separability in S1

RDM’s are altered



Methods: Regions of interest 

O’Neil et al. (2020). A probabilistic atlas of finger dominance in the primary 
somatosensory cortex. NeuroImage
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RDM structure is altered after nerve repair
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RDM structure is altered after nerve repair
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RDM typicality is decreased after nerve repair
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Summary
Peripheral rewiring
§ S1-repaired: Altered maps (RDM structure, RDM typicality)
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Summary
Peripheral rewiring
§ S1-repaired: Altered maps (RDM structure, RDM typicality)

Ø No credible links to locognosia.



But what about the other side?
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Summary
Peripheral rewiring
§ S1-repaired: Altered maps (RDM structure, RDM typicality)

Ø No credible links to locognosia.

Use-dependent plasticity
§ S1-uninjured: Altered maps (RDM typicality)

Ø Altered hand use (cf. Ejaz et al., 2015; Kolasinski et al., 2016)
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Summary
Peripheral rewiring
§ S1-repaired: Altered maps (RDM structure, RDM typicality)

Ø No credible links to locognosia.

Use-dependent plasticity
§ S1-uninjured: Altered maps (RDM typicality)

Ø Altered hand use (cf. Ejaz et al., 2015; Kolasinski et al., 2016)

Homeostatic plasticity
§ S1-repaired: Elevated BOLD (Hansson et al., 2003; Nordmark et al., 2020; Rosen et al., 2012; 

                  Chemnitz et al. 2015;  Bjorkman et al. 2017; Taylor et al., 2009).

Ø Cortical disinhibition (cf. Garraghty et al., 2006; Garraghty et al., 1991; Levy et al., 2002; 
                              Sammons et al., 2015: Mowery et al., 2015) 
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