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• Resident in Pediatrics

Assistant Professor of muscle Physiology

• Education:

• Msc human Physiology 2007

• MD 2009

• PhD 2015

• Postdoc Cerebral palsy & muscle 2015-2019

• University of Kentucky 2019-2020

• Interest: muscle adaptation to exercise and 

neuropediatrics (CP, DMD, SMA)



Agenda

• Short introduction to Cerebral palsy

• Skeletal muscle in CP

• Frame running as a tool to study exercise physiology

• Ongoing research



Cerebral palsy (CP)

▪ CP is the most common motor disorder in kids.

▪ 2 kids in a 1000 have cerebral palsy.

▪ Approx. at least 17 million people have CP world wide.

▪ Limited access to physical activity (adapted physical activity). 

▪ At an increased risk of poor health.

Jonsson, U., et al., Cerebral palsy prevalence, subtypes, and associated impairments: a population-based comparison study of adults and children. Dev Med Child Neurol, 2019.

Oskoui, M., et al., An update on the prevalence of cerebral palsy: a systematic review and meta-analysis. Dev Med Child Neurol, 2013.



Motor types
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Dyskinetic: 

~𝟏𝟎%

involuntary 

movements

Spastic 

~𝟖𝟎%

stiff 

muscles

Ataxic: ~6%

Shaky movements 

poor balance 

Poor sense of positioning in 

space

Parts of the body

Mixed 

types

Associated impairments

Reference: https://www.ucpboston.org/world-cp-day/

Jonsson, U., et al., Cerebral palsy prevalence, subtypes, and associated impairments: a population-based comparison study of adults and children. Dev Med Child Neurol, 

2019. 61(10): p. 1162-1167.

What is cerebral palsy?

Cerebral Palsy (CP) is a heterogenous group 

https://www.ucpboston.org/world-cp-day/


GMFCS = Gross Motor Classification System

Emma Hjalmarsson
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▪ 13% to 53% less habitual physical activity than their peers

▪ The higher GMFCS – the less active and lower degree of physical activity during leisure time.

▪ GMFCS IV and V were offered the least opportunities to participate in PA e.g. in school 

sports.

The reality when having CP?
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4.



The reality when having CP?
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• 50% of men and almost 80% of women have lower skeletal muscle mass

• 38% had a previous history of fracture due to osteoporosis

5.
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Increased risk for chronic diseases in CP!

Inactivity,

VO2, 

muscle health



What stands out with CP muscle?

Multiple processes altered

• Extracellular matrix

• Capillaries

• Muscle stem cells

• Mitochondria

• Growth machinery (ribosomes)

• Thin and stiff

• Contractures are common

• Why contractures develop 

are not clear



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
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Reduced expression of key factors in 

mitochondrial biology
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Von Walden et al 2021. DEV MED



Reduced mtDNA content and OXPHOS 

protein content in CP muscle
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Reanalyzed data – down regulated genes
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Von Walden et al 2021. DEV MED



Reanalyzed data – down regulated genes
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Von Walden et al 2021. DEV MED



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
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Sebastian Edman, new postdoc
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Exercise as a countermeasure for

reduced mitochondrial content/function with aging 
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Joseph et al 2015. J Phys
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Frame Running /RaceRunning

Innovative option to physical 

activity for motor impaired people.

Invented in Denmark 1990s 
(Connie Hansen and Mansoor Siddiqi)

https://en.wikipedia.org/wiki/Connie_Hansen
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”RaceRunning is the fastest growing para 
athletics disciplines and one of only few sports for 
the most severely disabled and athletes with an 
impaired balance”
Mansoor Sadiqi, CPISRA Head of RaceRunning

Development
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Frame Running /RaceRunning

What?

• Locomotion in daily life

• Recreation 

• Aerobic exercise

• Competitive athletic parasport: 40-

5000m

Who?

• People with impaired posture, 

balance and motor control. 

• No running ability.





6-MFRT

PRE

0 Wks 4 Wks 8 Wks 12 Wks

POST

6-MFRT6-MFRT 6-MFRT

Ultra-

sound

Ultra-

sound

Phys 

Exam

Phys 

Exam

Racerunning twice weekly

6-MFRT = 6 minute Frane running Test

Study I

Purpose:
Determine the effect of Frame running training on:

- Cardiovascular adaptation

- Skeletal muscle thickness 

Experimental study design



▪ Collaboration with Racerunning clubs in 
Stockholm, Västerås and Uppsala.

▪ 15 participants.

▪ Mean age 16, range 9-29, 

▪ 8 males / 7 females

▪ Types Spastic 9 / Dyskinetic 5 / Ataxia 
1.

▪ GMFCS I-IV; 1-3-4-7

34
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GMFCS and Type of CP

Dyskinetic Spastic Ataxia

Participants 

Study I Methods 

 



▪ Cardiorespiratory endurance

6-min RaceRunning test (6-MRT) , 

- Average and maximum heart rate measurement, 

- Borg RPE scale (rated physical exertion). 

- Trip computer with speed sensor.

▪ Muscle thickness

Ultrasound of 

- thigh (vastus lateralis and intermedius muscles) 

- calf muscles (medial gastrocnemius muscle). 

▪ Physio exam and classification

- Passive range of motion (hip, knee and foot)

- Spasticity (Modified Ashworth Scale) (hip, knee and foot).

- Classification GMFCS and FMS (Functional Mobility Scale).

Pre- and post measurements

Study I Methods 
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Average HR 136 bpm = 69% 

of estimated HR max.

Average max HR 168 bpm = 85% 

of estimated HR max

Intensity during training;

Study I Methods/Results 

 

Average time in motion per 60 min 

session= 25 min
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34% improvement
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21% improvement

(6-MRT distance; pre 576 ± 320m vs. post 723 ± 368 m, p < 0.001) 

Cardiorespiratory endurance 
(6-MRT) 

Study I Results 

 

Equal effort 
no change pre vs post

- heart rate 

- Borg RPE
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Thigh: No change

Calf: + 9% on more aff. side

(Week 0: mean 11,6 mm, SD 2,7. Week 12: mean 12,6 mm, SD 2,6. (p < 0.05) 

Muscle thickness  

Study I
Results 
 



Conclusion
12 weeks of Frame running training:

Clear effects of training on both central 

(stamina) and peripheral level (muscle).



How can we measure VO2 max in 

individuals with CP? 
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Purpose

▪ To determine the physiological response to the 6-Minute 

RaceRunning Test (6-MRT) in persons with cerebral palsy (CP) 

▪ To investigate whether the distance covered on the 6-MRT 

correlates to peak oxygen uptake (VO2peak).
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Cross-sectional observational study. 
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Study-design, setting and recruitment:

Study II Methods 

▪ 6-MRT - total distance covered (m),

▪ peak heart rate

▪ peak Respiratory Exchange Ratio

▪ peak oxygen uptake

HRpeak

RERpeak

VO2peak



▪ 24 participants.

▪ Mean age 19y range 8-37y, 

▪ 14 males / 10 females

▪ Types Spastic 14 / Dyskinetic 7 / 

Other CND 3.

▪ GMFCS II-III-IV; 8-3-13

43

Participants 

Methods 



06/05/2024 44

Results

Emma Hjalmarsson

Total (24)

Mean ± SD

ሶ𝑉O2 peak (ml/kg/min) 29.3 ± 7.3

ሶ𝑉O2 peak (L/min) 1.40 ± 0.48

HR peak (bpm) 180.7 ± 14.3

RER peak 1.16 ± 0.16

6-MRT distance (m) 707 ± 244

Edelman Bos et al 2022. Ped Phys Ther



Average heart rate and oxygen uptake with error bars (SD) of all 

participants during 6-minute RaceRunning Test

06/05/2024 45

0,30

0,50

0,70

0,90

1,10

1,30

1,50

1,70

1,90

2,10

100

110

120

130

140

150

160

170

180

190

200

0
:0

0

0
:1

0

0
:2

0

0
:3

0

0
:4

0

0
:5

0

1
:0

0

1
:1

0

1
:2

0

1
:3

0

1
:4

0

1
:5

0

2
:0

0

2
:1

0

2
:2

0

2
:3

0

2
:4

0

2
:5

0

3
:0

0

3
:1

0

3
:2

0

3
:3

0

3
:4

0

3
:5

0

4
:0

0

4
:1

0

4
:2

0

4
:3

0

4
:4

0

4
:5

0

5
:0

0

5
:1

0

5
:2

0

5
:3

0

5
:4

0

5
:5

0

6
:0

0

O
xy

ge
n

 U
p

ta
kt

e 
(L

/m
in

)

H
ea

rt
 R

at
e 

(b
p

m
)

Time (min)

Mean HR (bpm) and 𝑉 ̇O2 (L/min) VS Time (min)

HR (bpm) VO2 (L/min)

Figure 1. Average heart rate (──) and oxygen uptake (L/min) (- -) with error bars (SD) of all participants during the 
6-Minute RaceRunning Test.  
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Results

Edelman Bos et al 2022. Ped Phys Ther



Significant correlation between 6-MRT (distance) and VO2peak 

(rho=0.75, 95% CI: 0.50 to 0.89).
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Results

Edelman Bos et al 2022. Ped Phys Ther



• The response to 6-MRT indicates a (near) maximum effort 

for 75% (n=18) of the participants. 

• The positive correlation between VO2peak and distance on 

the 6-MRT suggests that the 6-MRT can serve as an 

estimation of oxygen consumption on an individual basis.
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Conclusions

Emma Hjalmarsson
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Ongoing work – VO2max in CP



Material & Method

Karolinska Institutet - a medical university
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Population

• 14 (6 male) CP

• 30 (14 male) TD

• 13-40 years

• GMFCS II (1)

• GMFCS III (5)

• GMFCS IV (7)

• GMFCS V (1)

• Cross-sectional study

• VO2 max test

• Lactate threshold test

Experimental set up with a Frame Runner and a wide treadmill used for the 

lactate threshold test in individuals with CP

Example of an athlete performing Frame Running

Face mask used for gas exchange analysis



Karolinska Institutet - a medical university
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VO2 maximal test
A maximal incremental exercise test
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Karolinska Institutet - a medical university
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VO2 maximal test
A maximal incremental exercise test
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Respiratory frequency ”corrected” for heart rate intensity

Karolinska Institutet - a medical university
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HR

Predicted HR max
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Karolinska Institutet - a medical university
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VO2 maximal test
Electromyography



Muscle as a secretory organ
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Safdar & Tarnapolsky 2017. CSH Perspectives in Medicine
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Safdar & Tarnapolsky 2017. CSH Perspectives in Medicine



Acute endurance 

exercise
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Lower concentration of extracellular vesicles in CP
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Extracellular vesicle miRNA levels in CP
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In vitro experiments with synthetic 

miR486 on myogenic cells
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Influences ECM and growth pathways



• Plasma extracellular vesicle number is smaller in subjects 

with CP but size is the same.

• Extracellular vesicle miRNA content differs in subjects 

with CP.

• miR-486 is elevated in plasma Evs from indiviudals with 

CP.

• miR-486 influences ECM and growth related genes.
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Conclusions

Emma Hjalmarsson



Muscle as a secretory organ
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Safdar & Tarnapolsky 2017. CSH Perspectives in Medicine



Take home message

▪ Cerebral palsy is fairly common, 2/1000 kids.

▪ Skeletal muscle is macro/microscopically altered.

▪ Gene expression altered.

▪ Mitochondria fewer and less efficient?

▪ Physical fitness is low

▪ BUT trainable!

▪ Frame running is an efficient tool for moderate-high intensity 

exercise

▪ Ongoing research into aerobic capacity and metabolic function.
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Thank you!
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