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INTRODUCTION

Secondary Symptoms1

• Muscle weakness

• Incoordination

• Reduced joint flexibility

• Lower physical activity2

• Worse cardiometabolic health3

Interventions able to stop this downward 

spiral of loss of function and inactivity are 

necessary!



FUNCTION DECLINE4

n = 657, 3455 observations. Hanna et al., (2008)

Bottos et al., (2001) – Contacted 72 adults with 

CP 33 ± 9 years (range:19-65) after they stopped 

attending the pediatric clinic (max age 18).

• Independent walkers at 18 yrs = 29. At follow-

up 13 lost walking independency (45%)! 

Jahnsen et al., (2003) – Mailed questionnaire 

Norway. 402 adults with CP 34 ± 11 years 

(range:18-72). 

• 97 (27%): increased walking ability before 25 

yrs.

• 102 (28%): no change in walking ability

• 106 (44%): decreased walking ability before 35 

yrs. 



GROSS MOTOR FUNCTION 

➢ Activation of agonist and synergist muscles.

➢ Concomitant inhibition of antagonist muscles.

➢ Muscle mass.

➢ Joint flexibility – in CP mostly muscle extensibility.

➢ Overall motor coordination to execute multi-joint actions such as 
walking and squatting.

➢Aerobic and anaerobic capacities (limits volume, not a single action).



Toe walking

• Insufficient range of motion (i.e., contracture)?

• (In)Voluntary activation?Insufficient ankle dorsiflexion during the swing phase 

• Decreased TA voluntary activation (spastic paresis)?

• Increased passive plantarflexors stiffness?

• Increased active plantarflexors stiffness (spastic co-

contraction)?

• Motor coordination?

IDENTIFYING THE LIMITING FACTOR



STRENGTH TRAINING

❖Widely researched! 

❖Effective in increasing muscle strength5 if established training guidelines6 are followed.

❖Conflicting evidence about changes in motor function, why?!

An appropriate intervention should train all relevant muscles 

with naturalistic patterns of neural activation!

Single joint exercises

Single muscle exercises

Lack of specificity

Inadequate training load

Strength was not the 

limiting factor!



GILLET ET AL., (2015, 2018)7 –  FAST CP 

Strength Circuit training

Sample

Spastic CP, GMFCS I, II. 

Mean age: 21, range: 15–27

N = 8 + 8

Supervised training: 1–3 participants



Improvements

Muscle volume: Soleus, medial and lateral 

gastrocnemius

Isometric plantarflexion strength

6 minutes walking test

Muscle power sprint test

10x5 m agility test

Anaerobic training

• Step up

• Bean bag run

• Lateral step-ups

• 5 m sprints

• Up and down stairs

• 4 cone run

No changes

Isometric dorsiflexion strength

Stairs up and down

Muscle power sprint test

10x5 m agility test

1 DF vs. 4 PF!

GILLET ET AL., (2015, 2018)7 –  FAST CP 



OTHER PROTOCOLS7

McPhail et al., (1995): Isokinetic (90 deg/s) training for knee flexors and extensors.

3x per week, 8 weeks. 3x5 MVC → ↑muscle strength and GMFM. 

Dodd et al., (2003): Heel raises, half squat, step up. Home trained!

3x per week, 6 weeks. 3 x 8-10 reps → ↑ muscle strength and GMFM. 

** Although we know that there are various limiting factors, only Gillet et al., (2015) 
tried to address more than one! 



FLEXIBILITY TRAINING8

❖Broadly used in CP, unclear efficacy

❖Low scientific evidence: short duration (3 months) and often unreliable assessment methods

❖Structural changes vs. tolerance to stretch8: can the CP muscle adapt?!

❖Clinical + sports training vs. current research evidence

The chronic effects of stretching must be understood! Preventing 

limited range of motion and contractures is vital!



MAGNUSSON ET AL., (1997)9

n = 7. 

Passive-static stretching: 20 days, twice a day. 

5 sets of 45 s stretches, 15-30 s of rest. 

Intensity = “ Stretch feeling”. 

Conclusion: No morphological adaptations 

occurred; the changes were seen were due to 

stretch tolerance!

Trained side

Untrained side



BOAKES ET AL., (2006)9

16 yr old girl – Femoral lengthening of 4 cm. 

“Dramatic increase in fascicle length and in vivo 

sarcomere length decreased slightly reveals an 

increase in serial sarcomeres from 25,000 to 

58,650”. 



GAULT-COLAS ET AL., (2024)9

44 yr woman, stroke. Guided self rehabilitation contract for 4 years. 

Mean daily practice:

20 min high-intensity passive-static stretch per muscle! 

81 min of stretching per day!

Active-static stretch with maximum effort using antagonist muscles. 

Maximal voluntary activation of the antagonist muscle (active-static stretch)



GAIT TRAINING10

❖Safe, feasible and likely effective in improving walking ability

❖Inclined treadmill strategy

❖Walking is automatic and boring, augmented reality may be a good solution.

❖Assistive  devices (e.g., exoskeletons). 

Gait training has the potential to 

enhance motor coordination, joint 

mechanics and aerobic capacity! 

Few studies, small samples, results 

are promising! 



WILLERSLEV-OLSEN ET AL., (2014): 

17 children with CP (4–14 years). 

4 weeks of home-based inclined treadmill training, 30 minutes per day. 

↓triceps surae passive stiffness, 

↑toe lift in the end of the swing phase,

↑heel strike. 



LORENTZEN ET AL., (2017)

RCT: 32 adults with CP (38 yrs ± 12), 16 in the training group. 6 weeks of home-

based treadmill training, 30 minutes per day. 

↓angle joint passive stiffness, 

↑toe lift in the end of the swing phase,

↑heel strike. 



EXECP INTERVENTION11

❖Strength, flexibility and gait training for children and young adults with spastic CP.

❖Do the induced adaptations last three months?

• 18 participants with CP

• 17 sex- and age-matched typically developing controls



EXECP 
INTERVENTION

2 to 3 90-min training sessions per 
week, for 12 weeks. 

❖ Gait (5–10 min) :                 
quality over quantity!

❖ Strength (60–75 min):             
lower limbs and trunk muscles.         
5-7 exercises per session. 

❖Flexibility (0–20 min):           
muscles diagnosed short. Details in Valadão et al., (2021) 

https://execp.fi





• Walking ability

• Motor Function

• Muscle Strength (thigh and trunk muscles)

• Flexibility (hip and knee joints)

• No changes for shank muscles

• No changes in cardiometabolic risk factors

(blood pressure, BW, fat %, pulse wave vel)

• No side-effects

RESULTS
(AFTER THE INTERVENTION)



RESULTS
(AFTER 3 MONTHS)

• Thigh strength and hip flexors flexibility

• Walking ability and knee flexors flexibility 

• Not tested: Trunk strength, GMFM, cardiometabolic 

markers



DISCUSSION

• The EXECP intervention was feasible, safe 

and effective! 

 

• Detraining effects were seen 3 months 

after cessation. Training must be a life-long 

decision, just like brushing the teeth! 

• The intervention was not able to attenuate 

cardiometabolic risk factors. Aerobic 

exercise is required!



THANK YOU!

Feel free to contact me at pedro.valadao@jyu.fi

 

Detailed information in video and text are 

available for anyone wanting to try it at: 

Protocol article: Valadão et al., (2021) 

www.youtube.com/@EXECP-kv4io

execp.fi

osf.io/4kbjh/

Funding
CP Alliance Research Foundation, Finnish Cultural Foundation, Finnish Ministry of Education, 

Olvi Foundation.



REFERENCES
1. Lieber RL, Fridén J. Muscle contracture and passive mechanics in cerebral palsy. J Appl Physiol (1985). 2019;126(5):1492–501.  Moreau NG, Falvo MJ, Damiano DL. Rapid force 
generation is impaired in cerebral palsy and is related to decreased muscle size and functional mobility. Gait Posture. 2012;35(1):154–8. Wiley ME, Damiano DL. Lower-extremity 
strength profiles in spastic cerebral palsy. Dev Med Child Neurol. 1998;40(2):100–7. Kalkman BM, Bar-On L, O’Brien TD, Maganaris CN. Stretching interventions in children with 
cerebral palsy: why are they ineffective in improving muscle function and how can we better their outcome? Front Physiol. 2020;11:131. 

2. Carlon SL, Taylor NF, Dodd KJ, Shields N. Differences in habitual physical activity levels of young people with cerebral palsy and their typically developing peers: a systematic 
review. Disabil Rehabil. 2013;35(8):647–55. Nieuwenhuijsen C, van der Slot WMA, Beelen A, et al. Inactive life- style in adults with bilateral spastic cerebral palsy. J Rehabil Med. 
2009;41(5):375–81.

3. Maltais DB, Wiart L, Fowler E, Verschuren O, Damiano DL. Health- related physical fitness for children with cerebral palsy. J Child Neurol. 2014;29(8):1091–100. Verschuren O, 
Peterson MD, Balemans ACJ, Hurvitz EA. Exercise and physical activity recommendations for people with cerebral palsy. Dev Med Child Neurol. 2016;58(8):798–808.

4. Bottos M, Feliciangeli A, Sciuto L, Gericke C, Vianello A. Functional status of adults with cerebral palsy and implications for treatment of children. Dev Med Child Neurol. 
2001;43(8):516–28. Jahnsen R, Villien L, Egeland T, Stanghelle JK, Holm I. Locomotion skills in adults with cerebral palsy. Clin Rehabil. 2004;18(3):309–16. cerebral palsy: evidence of
reliability and validity. Phys Ther. 2000;80(9):873–85. 20. Hanna SE, Rosenbaum PL, Bartlett DJ, Palisano RJ, Walter SD, Avery L, et al. Stability and decline in gross motor function
among children and youth with cerebral palsy aged 2 to 21 years. Dev Med Child Neurol. 2009;51(4): 295–302

5. MacPhail HE, Kramer JF. Effect of isokinetic strength-training on functional ability and walking efficiency in adolescents with cerebral palsy. Dev Med Child Neurol. 
1995;37(9):763–75. Moreau NG, Holthaus K, Marlow N. Differential adaptations of muscle architecture to high-velocity versus traditional strength training in cerebral palsy. 
Neurorehabil Neural Repair. 2013;27(4):325–34. Taylor NF, Dodd KJ, Baker RJ, Willoughby K, Thomason P, Graham HK. Progressive resistance training and mobility-related 
function in young people with cerebral palsy: a randomized controlled trial. Dev Med Child Neurol. 2013;55(9):806–12. Scholtes VA, Becher JG, Comuth A, Dekkers H, Van Dijk L, 
Dallmeijer AJ. Effectiveness of functional progressive resistance ex- ercise strength training on muscle strength and mobility in children with cerebral palsy: a randomized controlled trial. 
Dev Med Child Neurol. 2010;52(6):e107–13. Scholtes VA, Becher JG, Janssen-Potten YJ, Dekkers H, Smallenbroek L, Dallmeijer AJ. Effectiveness of functional progressive 
resistance ex- ercise training on walking ability in children with cerebral palsy: a randomized controlled trial. Res Dev Disabil. 2012;33(1):181–8. Park EY, Kim WH. Meta-analysis of 
the effect of strengthening interventions in individuals with cerebral palsy. Res Dev Disabil. 2014; 35(2):239–49.

6. Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory, 
musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc. 2011;43(7):1334–59. Faigenbaum AD, Kraemer WJ, 
Blimkie CJ, et al. Youth resistance training: updated position statement paper from the national strength and conditioning association. J Strength Cond Res. 2009;23(Suppl 5):S60–79. 
Verschuren O, Peterson MD, Balemans ACJ, Hurvitz EA. Exercise and physical activity recommendations for people with cerebral palsy. Dev Med Child Neurol. 2016;58(8):798–808. 
Valadão P, Cenni F, Piitulainen H, Avela J, Finni T. Effects of the EXECP Intervention on Motor Function, Muscle Strength, and Joint Flexibility in Individuals with Cerebral Palsy. 
Med Sci Sports Exerc. 2024 Jan 1;56(1):1-12.



REFERENCES
7. Gillett JG, Lichtwark GA, Boyd RN, Barber LA . FAST CP: protocol of a randomised controlled trial of the efficacy of a 12-week combined Functional Anaerobic and Strength 
Training programme on muscle properties and mechanical gait deficiencies in adolescents and young adults with spastic-type cerebral palsy. BMJ Open. 2015; 5 (6). Gillett JG, 
Lichtwark GA, Boyd RN, Barber LA. Functional anaerobic and strength training in young adults with cerebral palsy. Med Sci Sports Exerc. 2018b;50(8):1549–57. MacPhail HE, 
Kramer JF. Effect of isokinetic strength-training on functional ability and walking efficiency in adolescents with cerebral palsy. Dev Med Child Neurol. 1995;37(9):763–75. Dodd KJ, 
Taylor NF, Graham HK. A randomized clinical trial of strength training in young people with cerebral palsy. Dev Med Child Neurol. 2003 Oct;45(10):652-7

8. Kalkman BM, Bar-On L, O’Brien TD, Maganaris CN. Stretching interventions in children with cerebral palsy: why are they ineffective in improving muscle function and how can 
we better their outcome? Front Physiol. 2020;11:131. Weppler CH, Magnusson SP. Increasing muscle extensibility: a matter of increasing length or modifying sensation? Phys Ther. 
2010; 90(3):438–49. Chagas MH, Magalhães FA, Peixoto GHC, Pereira BM, Andrade AGP, Menzel HJK. Exploratory factor analysis for differentiating sensory and mechanical 
variables related to muscle–tendon unit elon- gation. Braz J Phys Ther. 2016;20(3):240–7. Lieber RL, Fridén J. Muscle contracture and passive mechanics in cerebral palsy. J Appl 
Physiol (1985). 2019;126(5):1492–501. Gough M, Shortland AP. Could muscle deformity in children with spastic cerebral palsy be related to an impairment of muscle growth and altered 
adaptation? Dev Med Child Neurol. 2012;54(6):495–9. Von Walden F, Gantelius S, Liu C, et al. Muscle contractures in patients with cerebral palsy and acquired brain injury are 
associated with extracellular matrix expansion, pro-inflammatory gene expression, and reduced rRNA synthesis. Muscle Nerve. 2018;58(2):277–85. 

9. Magnusson SP, Simonsen EB, Aagaard P, Sørensen H, Kjaer M. A mechanism for altered flexibility in human skeletal muscle. J Physiol. 1996; 15 (497). Boakes JL, Foran J, Ward SR, 
Lieber RL. Muscle adaptation by serial sarcomere addition 1 year after femoral lengthening. Clin Orthop Relat Res. 2007; 456. Gault-Colas C, Pradines M, Baude M, Gracies JM. 
Exceptional improvement in chronic stroke through Guided Self-rehabilitation Contract: a case report study. Front Rehabil Sci. 2024; 18 (5).

10. Booth ATC, Buizer AI, Meyns P, Oude Lansink ILB, Steenbrink F, van der Krogt MM. The efficacy of functional gait training in chil- dren and young adults with cerebral palsy: a 
systematic review and meta-analysis. Dev Med Child Neurol. 2018;60(9):866–83. Lorentzen J, Kirk H, Fernandez-Lago H, et al. Treadmill training with an incline reduces ankle joint 
stiffness and improves active range of movement during gait in adults with cerebral palsy. Disabil Rehabil. 2017;39(10):987–93. Willerslev-Olsen M, Lorentzen J, Nielsen JB. Gait training 
reduces ankle joint stiffness and facilitates heel strike in children with cerebral palsy. NeuroRehabilitation. 2014;35(4):643–55.

11. Valadão P, Cenni F, Piitulainen H, Avela J, Finni T. Effects of the EXECP Intervention on Motor Function, Muscle Strength, and Joint Flexibility in Individuals with Cerebral 
Palsy. Med Sci Sports Exerc. 2024 Jan 1;56(1):1-12. Valadão P, Piitulainen H, Haapala, EA, Parviainen, T, Avela J, Finni T. Exercise intervention protocol in children and young 
adults with cerebral palsy: the effects of strength, flexibility and gait training on physical performance, neuromuscular mechanisms and cardiometabolic risk factors (EXECP). BMC Sports 
Science, Medicine and Rehabilitation 2021;13 (17).


	Slide 1: Exercise for Cerebral Palsy The EXECP project
	Slide 2: Introduction
	Slide 3: Function decline4
	Slide 4: gross motor function 
	Slide 5
	Slide 6: Strength training
	Slide 7: Gillet et al., (2015, 2018)7 –  Fast CP 
	Slide 8
	Slide 9: Other protocols7
	Slide 10: Flexibility training8
	Slide 11: Magnusson et al., (1997)9
	Slide 12: Boakes et al., (2006)9
	Slide 13: Gault-Colas et al., (2024)9
	Slide 14: Gait training10
	Slide 15: Willerslev-Olsen et al., (2014): 
	Slide 16: Lorentzen et al., (2017)
	Slide 17: EXECP intervention11
	Slide 18: EXECP intervention
	Slide 19
	Slide 20
	Slide 21: Results (After 3 months)
	Slide 22: Discussion 
	Slide 23: Thank you!
	Slide 24: References
	Slide 25: References

