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Exercise adaptions
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Neuromuscular disorders
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Cerebral palsy



Skeletal muscles donôtgrow as expected
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Herskind et al 2015. 

Dev Med
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Introduction
Gross Motor Function Classification System
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De Beukelar et al 

2023. Dev Med

Skeletal muscles donôtgrow as expected
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Noble et al 2017. 

BMC Neurol

Skeletal muscles donôtgrow as expected



What stands out with CP muscle?

Å Impaired growth

Å Skeletal muscle satellite cells

Å More connective tissue

Å Mitochondrial dysfunction

Å Thin and stiff

Å Contractures are common

Å We donôt know why these 

contractures develop.



Å Other cell types?
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Skeletal muscle fiber types

Å Checkerboard pattern



Introduction ïMuscle morphology
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Figure from Edman et al. ïAccepted in Dev 

Med Child Neurol
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Nader & Hoffman 2005



Translation capacity

Å Translational efficiency is 

the protein synthesis rate 

per ribosome

Å Translational capacity is the 

total number of ribosomes

Å ~85% of RNA in muscle is 

ribosomal
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Millward et al. 1973. Nature.
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Ribosome biogenesis ïthe process of

making new ribosomes

03/10/2025

Karolinska Institutet - a medical university
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Suppressed ribosome biogenesis in
skeletal muscle of children with cerebral
palsy

Skeletalmuscleribosomebiogenesisis impaired in cerebralpalsy (A) Protein

levels of transcription factors UBF and TIF-1A are significantly reducedin

cerebralpalsymuscle(redbars)ascomparedto healthycontrols(whitebars).

Von Walden et al 2018, Muscle & Nerve



Karolinska Institutet - a medical university 03/10/2025 23

Suppressed ribosome biogenesis in skeletal

muscle of children with cerebral palsy

Skeletalmuscleribosomebiogenesisis impairedin cerebralpalsy(A) Levels

of UBF andTIF-1A (B) Abundanceof 45S pre-rRNA levelsin cerebralpalsy

muscle(redbars)ascomparedto healthycontrols(white bars).

Von Walden et al 2018, Muscle & Nerve



What stands out with CP muscle?

Å Impaired growth

Å Skeletal muscle satellite cells

Å More connective tissue

Å Mitochondrial dysfunction

Å Thin and stiff

Å Contractures are common

Å We donôt know why these 

contractures develop.



Å Other cell types?
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Skeletal muscle fiber types

Å Checkerboard pattern



Cells other than muscle fibers
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44%

6%

26%

18%

2%
4%

Cell types

Endothelial Cells

Pericyte Cells

Mesenchymal Cells

Myogenic Cells

Monocyte Cells

Lymphocyte Cells

Å Satellite cells (muscle stem cells)

Å FAPs (fibro-adipogenic progenitors) 

Å Endothelial cells

Å Immune cells

Lovric et al. 2022. Commun Biol.



Cells other than muscle fibers

Å Satellite cells (muscle stem cells)
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Activated satellite cell crawling along a muscle

fiber

Marg et al 2014



Fewer satellite cells in CP
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Satellite Cell

Macrophage

òSatellite cellò ïa name with a deeper meaning?



Ongoing project with conditioned media from 

skeletal muscle progenitor cells
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What stands out with CP muscle?

Å Impaired growth

Å Skeletal muscle satellite cells

Å More connective tissue

Å Mitochondrial dysfunction

Å Thin and stiff

Å Contractures are common

Å We donôt know why these 

contractures develop.



Thickening of the perimysium is common
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Cerebral palsyTypically developed

Von Walden et al 2018. Muscleand Nerve



Higher collagen content in skeletal

muscle with increased severity of

Cerebral Palsy
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Booth et al 2001. DevMed Child Neur.



Fibrogenic gene expression and increased

collagen content in CP muscle

39



Global gene expression is altered in CP 

skeletal muscle
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Smith, Pontén et al 2009. BMC Genomics



Dysregulation of metabolism related

skeletal muscle gene expression in CP
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Smith et al 2012. PLOS One



Introduction ïMitochondria
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Data from von Walden et al.

2021. Dev Med Child Neurol. 

PMID: 34176131

Data from Dayanidhi et al.

2021. Dev Med Child Neurol. 

PMID: 33393083

Enzyme activity assay Western blot (NDUFB8)



Results ïRespirometry
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Unpublished data from Edman et al. ï

Data analysis ongoing



Results ïRespirometry
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Unpublished data from Edman et al. ï

Data analysis ongoing

VL: Vastus lateralis, VM: Vastus medialis, AL: Adductor longus, 

FCU: Flexor carpi ulnaris, FCR: Flexor carpi radialis, A: Anconeus, 

ECRB: Extensor carpi radialis brevis, BB: Biceps Brachii 



Results ïSingle Fiber Western Blots
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Isolating skeletal muscle 

fibers (1-3 mm length)

Cut each fiber into

two segments

Stain one segment for 

Slow/fast myosin
Homogenize and load 

fibers individually



Results ïSingle Fiber Western Blots
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Unpublished data from Edman et al. ï

Data analysis ongoing

Interact.

Group
Type

p=0.261

p=0.004
p=0.004

Interact.

Group
Type

p=0.335

p<0.001
p<0.001

Interact.

Group
Type

p=0.929

p=0.057
p=0.058

Interact.

Group
Type

p=0.028

p<0.001
p<0.001

Interact.

Group
Type

p=0.517

p<0.001
p=0.004

*



Results ïSingle Fiber Western Blots
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Unpublished data from Edman et al. ï

Data analysis ongoing
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Summary

Å Children with CP exhibit ~50% reduced 

mitochondrial capacity in skeletal muscle

Å The reduced OXPHOS capacity is likely universal 

across muscle fiber types

Å There may be alterations in mitochondrial 

architecture in children with CP
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Global gene expression is altered in CP 

skeletal muscle
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Smith, Pontén et al 2009. BMC Genomics



Aging and disuse atrophy data sets
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Comparative analysis -

CP vs aging vs disuse
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Von Walden et al 2021. DEV MED



Downregulated mitochondria related gene expression 

common for all conditions
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Von Walden et al 2021. DEV MED



What stands out with CP muscle?

Å Impaired growth

Å Skeletal muscle satellite cells

Å More connective tissue

Å Mitochondrial dysfunction

Å Thin and stiff

Å Contractures are common

Å We donôt know why these 

contractures develop.



Comprehensive review of

skeletal muscle in CP

Karolinska Institutet - a medical university 03/10/2025 57

https://ki.se/en/people/s

ebastian-edman
Sebastian Edman,

Postdoc

https://ki.se/en/people/sebastian-edman
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Thank you all

for your attention


