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Agenda
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ÅPhysical activity

ÅFrame Running

ÅMuscle and exercise capacity in CP

ÅInvestigating exercise physiology in CP



What is Physical Activity? 
(World Health Organization)
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ñé any bodily movement produced by skeletal muscles 

that requires energy expenditureò 

Ą during leisure time

Ą for transport to get to and from places

Ą as part of a personôs work

Both moderate- & vigorous-intensity 

PA improves health!
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Benefits of Physical Activity
(World Health Organization)

In children & adolescents 

physical activity é
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The reality when having CP
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Å 13% to 53% less habitual physical activity than their peers

Å The higher GMFCS ïthe less active and lower degree of

physical activity during leisure time

Å GMFCS IV and V were offered the least opportunities to 

participate in PA e.g. in school sports



Systemic physiology impacting aerobic capacity
Typically developed individuals
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Central component of VO2max

Å Cardiac output (L/min) = Stroke volume x heart frequency
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Stroke volume Cardiac output



Redirecting blood to working muscle
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Maximal capacity

At rest



Peripheral component ïthe muscle
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Aerobic capacity in individuals with CP
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Reduced maximal oxygen uptake (VO2peak)
Progressive exercise testing on a treadmill in GMFCS I and II

VO2peak

(ml/kg/min)

Cerebral palsy 

(CP)

Typically 

developed 

(TD)

p-Value

Total group 42.0 49.3 <0.01

Boys 44.7 51.7 0.001

Girls 36.4 44.7 0.02

CP

GMFCS I

CP

GMFCS II

CP

GMFCS III
TD

VO2peak

(ml/kg/min)
35.5 33.9 29.3 41.0

The more severe motor dysfunction the lower VO2peak
Incremental continuous maximal aerobic test on a cycle ergometer in GMFCS I-III



Frame Running
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Innovative option for physical activity for 

individuals with motor impairments.

Invented in Denmark 1990s 
(Connie Hansenand MansoorSiddiqi)

https://en.wikipedia.org/wiki/Connie_Hansen


What is Frame Running?
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handlebars

body support 

(chest plate)

saddle

propelling forward by stepping the

feet on the ground

front brake 

& 

brake for parking

adjustable

different 

sizes



Is Frame Running intense enough to trigger exercise 

adaptations?
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Exercise intensity with Frame Running

Karolinska Institutet - a medical university 22/10/2025 15

Bolster et al., 2017
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Exercise intensity with Frame Running ïour study
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Average HR 136 bpm = 69% 

of estimated HR max.

Average max HR 168 bpm = 85% 

of estimated HR max

Average time in motion per 60 min 

session= 25 min
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Frame Running study
12 weeks of Frame Running 

21% improvement34% improvement

Cerebral 

palsy

15 (8 male)

1

3

4

7

GMFCS

I II III IV
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Frame Running study
Results of Muscle Thickness

No change in thigh muscle

+9% in calf muscle 

on more affected side 



Frame Running exercise - a means of increasing physical activity 
and aerobic capacity

Å Suitable for people with impaired posture, 

balance, motor control and no running

ability

Å Moderate to high-intensity aerobic exercise

Å Allows for exercise in non-walkers with

cerebral palsy

Å Athletes experience positive physiological

and psychological effects
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How can we measure VO2 max 

in individuals with CP?
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Purpose
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ÅTo determine the physiological response to the 6-Minute Frame Running Test (6-

MFRT) in persons with CP

ÅTo investigate whether the distance covered on the 6-MRT correlates to peak 

oxygen uptake (VO2peak)



Results
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Total (24)

Mean ± SD

ὠO2 peak(ml/kg/min) 29.3 ± 7.3

ὠO2 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. PedPhysTher



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

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

 
Edelman Bos et al 2022. PedPhysTher
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Edelman Bos et al 2022. PedPhysTher

Significant correlation between 6-MRT (distance) and VO2peak (rho=0.75, 

95% CI: 0.50 to 0.89)



Back in the lab ïVO2 max in non-walkers with CP
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Purpose
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To investigate the validity of the 6-minute Frame Running test (6-MFRT ) as 

a test of maximal aerobic capacity (VO2peak) for adolescents and adults with 

cerebral palsy (CP)



Validation of the 6-minute Frame Running test as a 

cardiopulmonary maximal test in CP
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The 6-minute test is an indicator of aerobic capacity
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Å The 6-MFRT is easy and 

practical to perform for 

individuals with CP

Å The 6-MFRT is useful for 

estimation of maximal 

aerobic capacity in 

individuals with CP

Useful for preventive work and risk 

stratification for development and 

assessment of cardiovascular diseases 

in non-walkers
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Systemic physiology impacting aerobic capacity
Typically developed individuals
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Heart Structure
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Ferreira et al. (2014)



Material & Methods
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Lactate threshold test

Å Multiple four-minute intervals

Å Interspersed by one minute rest

Å Increased speed for each interval

Å Gas exchange analysis with face mask

Å Blood gas analysis after each interval

Example of an athlete performing Frame Running

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

lactate threshold test in individuals with CP

Face mask used for gas exchange analysis
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Gross Motor Function Classification System

GMFCS I GMFCS II

GMFCS III GMFCS IV GMFCS V

Typically

developed
Cerebral 

palsy

30 (14 male) 13 (5 male)

Material & Methods

1

57

GMFCS

II III IV
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More work goes into breathing during exercise for 

individuals with CP
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Time: p<0.0001

Group: p=0.1192

Int.: p=0.2436
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Despite greater respiratory effort in individuals with CP

ïevidence of poor ventilatory quality during exercise
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Despite high respiratory frequency ïlower intensity
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Evidence of skeletal muscle fatigue by EMG
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Do we need to modify our training protocols?
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Reaches exhaustion earlier

Å Training interventions

Å Respiratory exercises



How do we match intensity to TD individuals?
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Perceived 

exertion?
Heart rate?

Metabolic 

response?
Respiratory 

frequency?



Full Speed Ahead

-for increased mobility and 

health

Project group: Ann-Christin Eliasson, Ferdinand von Walden, Emma Hjalmarsson, 

Kristina Löwing, Cecilia Ledbeck, Eva Broström, Agnes Adestedt, Josefin Löwing, 

Emelie Frisk, Johanna Strand, Julia Starck, Magnus Aspdahl.



Frame Running for toddlers and pre-school kids? 
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Intensive Training to Enhance Mobility and Health in 

Young Children with CP

Å To enhance children's opportunities for 
movement, with or without assistive devices

Å To enable children to experience the joy of
physical activity

Å To improve strength and cardiovascular
fitness, contributing to overall health
benefits

Å To provide a motivating environment
through group-based training with peers in 
similar situations

Purpose



Inclusion criteria

Å Recruited from Astrid Lindgren Children's 

Hospital

Å Aged 2-5 years

Å Diagnosis of CP, GMFCS I-V

Å Able to understand Swedish or English 

Å Sufficient cognitive ability to benefit from 

group participation and follow simple 

instructions

Å Stable general health

Å Parents able to store, transport, and assist 

with the use of the Frame Runner

6 children were included in the autumn of 2024

1 child, 2.5 years GMFCS II-III

3 children, 3 years, bilateral CP, GMFCS III

2 children, 3 years old, unilateral CP, GMFCS II



Single-subject design

BASE 

1

BASE 

2
BASE 

3

12 weeks of Training

~ 8 weeks , 3 baseline measures : (Dec - Jan)

GMFM-66

Functional Mobility Scale (FMS)

Timed Up and Go (TUG)

10 m run

30 m Frame Running

Gait analysis

Muscle assessents -ROM, tone, thickness

(US)

Accelerometer (Sens motion)

Heart rate monitoring

Pedi cat (questionnaire)

Prime P (questionnaire)

Goal Attainment Scale

(home video and parent interview)  

EVAL 

1

EVAL 

2
EVAL 

3

~ 8 weeks , 3 evaluations

Diary (weekly)

Accelerometer (Sens motion) 

(week 6 during 7 days)

GMFM-66

Functional Mobility Scale (FMS)

Timed Up and Go (TUG)

10 m run

30 m Frame Running

Gait analysis

Muscle assessents -ROM, tone, thickness

(US)

Accelerometer (Sens motion)

Heart rate monitoring

Pedi cat (questionnaire)

Prime P (questionnaire)

Goal Attainment Scale

(home video and parent interview)  



The training consists of several parts

Group training 1/week

Frame Running

Station training

Home training /every day

Frame Running

Training towards individual goals 
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Preliminary results 

- Increased movement skills, family engagement, and they

(most of them) love their frame runner!
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Preliminary result, example 1

Time-test 30 meter Frame Running

12 weeks of 

training

12 weeks of 

training

12 weeks of 

training

12 weeks of 

training

12 weeks of 

training
12 weeks of 

training



Preliminary result example 2

ïGMFM-66

12 weeks of 

training

12 weeks of 

training

12 weeks of 

training 12 weeks of 

training

12 weeks of 

training 12 weeks of 

training



Take home messages
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Å Frame Running can be used to reach the physical activity

recommendations (WHO) Ÿ moderate to vigorous intensity exercise

likely more powerful

Å The Frame Runner allows for exercise physiology investigations in non-

walking individuals with CP

Å Individuals with CP have a reduced cardiorespiratory fitness with altered

ventilatory function Ÿ need to develop validated methods to evaluate

aerobic capacity
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Thank you all

for your attention


