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Introduction

Although CP (cerebral palsy) is not a non-progressive disease, muscle pa-
thology continues a lifelong progression. (Graham and Selber 2003, Rosenbaum,
Paneth et al. 2007). The worldwide prevalence of this disease is the most common
form of childhood disability, with the frequency of seeing at rates of 1.5 to 3.8
per 1.000 birth. The main disorders associated with this disease are decreased
muscle strength and decreased cardiorespiratory fitness, which are manifested
in activities such as standing, walking and climbing stairs that make daily lives
compatible. However, many authors mention the relationship among activity lim-
itation, participation restriction and motor impairment, and that anyone can af-
fect another. There is evidence that especially muscle strength is associated with
activity, in children with CP (Verschuren, Ketelaar et al. Nov. 2009, Park and Kim
2013). Applied exercise programs should be in the direction of improving mus-
cle strength, muscular endurance and cardiorespiratory fitness which are phys-
ical fitness parameters. Muscle weakness in CP limits functional performance,
this situation can only be achieved by training. Therapists should be cautious in
advance about preventing secondary disorders that may occur and improving
the health and physical fitness of these patients. Strengthening and endurance
training can complement the important components of physical fitness. Besides
these trainings, children and adults with CP should be involved in occupational,
recreational and social activities throughout their lives and these trainings should
be continued.

More than 50% of individuals with CP who have reached adulthood report that
their walking is worse than in their youth (Opheim, Jahnsen et al. 2009). A com-
plete consensus has not been reached on muscle strength training and its effects
in cases of cerebral palsy and spasticity. There is the idea that inactive muscle can
be exercised, but there is also the idea that it will be detrimental in strengthening

! Hatice YAKUT,PT, Asst. Prof. Silleyman Demirel University Faculty of Health Sciences Depart-
ment of Physiotherapy and Rehabilitation haticeyakut@sdu.edu.tr

77



Cerebral Palsy and Strenght Training 85

10.

11.

12.

13.

14.

15.

16.

17.

References

Abbott, B., et al. (1952). “The physiological cost of negative work” The Journal of
physiology 117(3): 380-390.

Anttila, H., et al. (2008). “Effectiveness of physical therapy interventions for children
with cerebral palsy: a systematic review.” BMC pediatrics 8(1): 14.

Barber, L., et al. (2011). “Medial gastrocnemius muscle volume and fascicle length
in children aged 2 to 5 years with cerebral palsy” Developmental Medicine & Child
Neurology 53(6): 543-548.

Blundell, S., et al. (2003). “Functional strength training in cerebral palsy: a pilot study
of a group circuit training class for children aged 4-8 years.” Clinical rehabilitation
17(1): 48-57.

Bobath, B. (1990). Adult hemiplegia: evaluation and treatment, Elsevier Health
Sciences.

Capio, C. M,, et al. (2012). “Fundamental movement skills and physical activity
among children with and without cerebral palsy” Research in developmental disabil-
ities 33(4): 1235-1241.

Chen, C.-L., et al. (2012). “Muscle strength enhancement following home-based vir-
tual cycling training in ambulatory children with cerebral palsy” Research in develop-
mental disabilities 33(4): 1087-1094.

Dallmeijer, A. J., et al. (2017). “Isometric muscle strength and mobility capacity in
children with cerebral palsy” Disability and rehabilitation 39(2): 135-142.

Damiano, D. L. and M. E Abel (1998). “Functional outcomes of strength training in
spastic cerebral palsy” Archives of physical medicine and rehabilitation 79(2): 119-
125.

Damiano, D. L., et al. (2010). “Can strength training predictably improve gait kine-
matics? A pilot study on the effects of hip and knee extensor strengthening on low-
er-extremity alignment in cerebral palsy” Physical therapy 90(2): 269-279.

Damiano, D. L., et al. (2002). “Should we be testing and training muscle strength in
cerebral palsy?” Developmental medicine and child neurology 44(1): 68-72.
Damiano, D. L., et al. (1995). “Muscle response to heavy resistance exercise in chil-
dren with spastic cerebral palsy” Developmental Medicine & Child Neurology 37(8):
731-739.

Darrah, J., et al. (1997). “Review of the effects of progressive resisted muscle strength-
ening in children with cerebral palsy: a clinical consensus exercise.” Pediatric Physical
Therapy 9(1): 12-17.

Day, S. M., et al. (2007). “Change in ambulatory ability of adolescents and young adults
with cerebral palsy” Developmental Medicine & Child Neurology 49(9): 647-653.
Dietz, V. and W. Berger (1995). “Cerebral palsy and muscle transformation” Develop-
mental Medicine & Child Neurology 37(2): 180-184.

Dodd, K. J., et al. (2002). “A systematic review of the effectiveness of strength-training
programs for people with cerebral palsy” Archives of physical medicine and rehabil-
itation 83(8): 1157-1164.

Eken, M. M., et al. (2019). “Lower extremity strength profile in ambulatory adults
with cerebral palsy and spastic diplegia; norm values and reliability for hand-held
dynamometry” PM&R.



86

Current Approaches in Physiotherapy

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Faigenbaum, A. D., et al. (2009). “Youth resistance training: updated position state-
ment paper from the national strength and conditioning association.” The Journal of
Strength & Conditioning Research 23: S60-579.

Franchi, M. V., et al. (2014). “Architectural, functional and molecular responses to
concentric and eccentric loading in human skeletal muscle” Acta Physiologica
210(3): 642-654.

Garber, C. E,, et al. (2011). “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” Medicine and science in sports and exercise 43(7): 1334-1359.
Gibbs, J., et al. (1999). “Does abnormal branching of inputs to motor neurones ex-
plain abnormal muscle cocontraction in cerebral palsy?” Developmental medicine
and child neurology 41(7): 465-472.

Gillett, J. G., et al. (2018). “Functional anaerobic and strength training in young adults
with cerebral palsy” Medicine & Science in Sports & Exercise 50(8): 1549-1557.
Goh, H.-T., et al. (2006). “Relationships among measures of knee musculoskeletal
impairments, gross motor function, and walking efficiency in children with cerebral
palsy” Pediatric Physical Therapy 18(4): 253-261.

Graham, H. K. and P. Selber (2003). “Musculoskeletal aspects of cerebral palsy” The
Journal of bone and joint surgery. British volume 85(2): 157-166.

Health, U. D. o. and H. Services (2008). “Physical Activity Guidelines for Americans.
Washington, DC: USDHHS, 2008”

Ito, J.-i., et al. (1996). “Muscle histopathology in spastic cerebral palsy”” Brain and
Development 18(4): 299-303.

Jung, J. W, et al. (2013). “Effect of strength training of ankle plantarflexors on selective
voluntary motor control, gait parameters, and gross motor function of children with
cerebral palsy” Journal of physical therapy science 25(10): 1259-1263.

Kara, O. K., et al. (2019). “The Effects of Functional Progressive Strength and Pow-
er Training in Children With Unilateral Cerebral Palsy” Pediatric Physical Therapy
31(3): 286-295.

Lee,]. A, etal. (2013). “Effects of functional movement strength training on strength,
muscle size, kinematics, and motor function in cerebral palsy: A 3-month follow-up”
NeuroRehabilitation 32(2): 287-295.

Liao, H.-F, et al. (2007). “Effectiveness of loaded sit-to-stand resistance exercise for
children with mild spastic diplegia: a randomized clinical trial” Archives of physical
medicine and rehabilitation 88(1): 25-31.

Lieber, R. L., et al. (2004). “Structural and functional changes in spastic skeletal mus-
cle” Muscle & Nerve: Official Journal of the American Association of Electrodiagnos-
tic Medicine 29(5): 615-627.

Maeland, S., et al. (2009). “No effect on gait function of progressive resistance exercise
in adults with cerebral palsy-a single-blind randomized controlled trial” Advances in
Physiotherapy 11(4): 227-233.

Marbini, A., et al. (2002). “Immunohistochemical study of muscle biopsy in children
with cerebral palsy” Brain and Development 24(2): 63-66.

McNeill, W. (2015). “About eccentric exercise” Journal of bodywork and movement
therapies 19(3): 553-557.



Cerebral Palsy and Strenght Training

87

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Medicine, A. C. o. S. (2009). “American College of Sports Medicine position stand.
Progression models in resistance training for healthy adults” Medicine and science in
sports and exercise 41(3): 687.

Mitchell, L. E., et al. (2016). “A randomized controlled trial of web-based training to
increase activity in children with cerebral palsy” Developmental Medicine & Child
Neurology 58(7): 767-773.

Mockford, M. and J. M. Caulton (2008). “Systematic review of progressive strength
training in children and adolescents with cerebral palsy who are ambulatory.” Pediat-
ric Physical Therapy 20(4): 318-333.

Moreau, N. G., et al. (2013). “Differential adaptations of muscle architecture to
high-velocity versus traditional strength training in cerebral palsy” Neurorehabilita-
tion and neural repair 27(4): 325-334.

MPTHY, A. E. M,, et al. (2009). “Increases in muscle volume after plantarflexor
strength training in children with spastic cerebral palsy” Developmental medicine
and child neurology 51(6): 429.

Narici, M., et al. (2016). “Muscle structural assembly and functional consequences.”
Journal of Experimental Biology 219(2): 276-284.

Novak, L, et al. (2013). “A systematic review of interventions for children with cere-
bral palsy: state of the evidence.” Developmental Medicine & Child Neurology 55(10):
885-910.

Ohata, K., et al. (2006). “Measurement of muscle thickness as quantitative muscle
evaluation for adults with severe cerebral palsy.” Physical therapy 86(9): 1231-1239.
Opheim, A., et al. (2009). “Walking function, pain, and fatigue in adults with cerebral
palsy: a 7-year follow-up study” Developmental Medicine & Child Neurology 51(5):
381-388.

Park, E.-Y. and W.-H. Kim (2013). “Structural equation modeling of motor impair-
ment, gross motor function, and the functional outcome in children with cerebral
palsy” Research in developmental disabilities 34(5): 1731-1739.

Park, E.-Y. and W.-H. Kim (2014). “Meta-analysis of the effect of strengthening in-
terventions in individuals with cerebral palsy” Research in developmental disabilities
35(2): 239-249.

Piccinini, L., et al. (2007). “Quantification of energy expenditure during gait in chil-
dren affected by cerebral palsy” Europa medicophysica 43(1): 7.

Pontén, E. and J. Fridén (2008). “Immobilization of the rabbit tibialis anterior muscle
in a lengthened position causes addition of sarcomeres in series and extra-cellular
matrix proliferation.” Journal of biomechanics 41(8): 1801-1804.

Pontén, E. M. and P. S. Stal (2007). “Decreased capillarization and a shift to fast myo-
sin heavy chain IIx in the biceps brachii muscle from young adults with spastic pare-
sis” Journal of the neurological sciences 253(1-2): 25-33.

Rameckers, E., et al. (2015). “Efficacy of upper limb strengthening in children with
cerebral palsy: a critical review.” Research in developmental disabilities 36: 87-101.
Reid, S., et al. (2010). “Neuromuscular adaptations to eccentric strength training in
children and adolescents with cerebral palsy” Developmental Medicine & Child Neu-
rology 52(4): 358-363.

Rose, J. and K. C. McGill (2005). “Neuromuscular activation and motor-unit firing
characteristics in cerebral palsy” Developmental medicine and child neurology 47(5):
329-336.



88

Current Approaches in Physiotherapy

52

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

. Rosenbaum, P, et al. (2007). “A report: the definition and classification of cerebral
palsy April 2006 Developmental medicine and child neurology. Supplement 109:
8-14.

Ryan, J. M, et al. (2017). “Exercise interventions for cerebral palsy” Cochrane Data-
base of Systematic Reviews(6).

Scholtes, V. A, et al. (2010). “Effectiveness of functional progressive resistance exer-
cise strength training on muscle strength and mobility in children with cerebral palsy:
a randomized controlled trial” Developmental Medicine & Child Neurology 52(6):
el07-el113.

Scholtes, V. A., et al. (2008). “Lower limb strength training in children with cerebral
palsy-a randomized controlled trial protocol for functional strength training based
on progressive resistance exercise principles” BMC pediatrics 8(1): 41.

Scianni, A., et al. (2009). “Muscle strengthening is not effective in children and ado-
lescents with cerebral palsy: a systematic review.” Australian Journal of Physiotherapy
55(2): 81-87.

Shortland, A. (2009). “Muscle deficits in cerebral palsy and early loss of mobility: can
we learn something from our elders?” Developmental Medicine & Child Neurology
51: 59-63.

Sreter, E, et al. (1982). “Fast to slow transformation of fast muscles in response to
long-term phasic stimulation.” Experimental neurology 75(1): 95-102.

Stubbs, P. W. and J. Diong (2016). “The effect of strengthening interventions on
strength and physical performance in people with cerebral palsy (PEDro synthesis).”
Br ] Sports Med 50(3): 189-190.

Taylor, N. E, et al. (2013). “Progressive resistance training and mobility-related func-
tion in young people with cerebral palsy: a randomized controlled trial” Develop-
mental Medicine & Child Neurology 55(9): 806-812.

van der Krogt, M. M., et al. (2012). “How robust is human gait to muscle weakness?”
Gait & posture 36(1): 113-119.

Van Vulpen, L. E, et al. (2017). “Improved walking capacity and muscle strength after
functional power-training in young children with cerebral palsy” Neurorehabilitation
and neural repair 31(9): 827-841.

Verschuren, O,, et al. (2011). “Muscle strengthening in children and adolescents with
spastic cerebral palsy: considerations for future resistance training protocols” Physi-
cal therapy 91(7): 1130-1139.

Verschuren, O., et al. (2009). “Relation between physical fitness and gross motor ca-
pacity in children and adolescents with cerebral palsy” Developmental Medicine &
Child Neurology 51(11): 866-871.

Verschuren, O., et al. (2008). “Exercise programs for children with cerebral palsy: a
systematic review of the literature” American Journal of Physical Medicine & Reha-
bilitation 87(5): 404-417.

Verschuren, O., et al. (2016). “Exercise and physical activity recommendations for
people with cerebral palsy” Developmental Medicine & Child Neurology 58(8): 798-
808.

Wiley, M. E. and D. L. Damiano (1998). “Lower-extremity strength profiles in spastic
cerebral palsy” Developmental Medicine & Child Neurology 40(2): 100-107.



Cerebral Palsy and Strenght Training

89

68.

69.

Willerslev-Olsen, M., et al. (2013). “Passive muscle properties are altered in children
with cerebral palsy before the age of 3 years and are difficult to distinguish clinically
from spasticity” Developmental Medicine & Child Neurology 55(7): 617-623.
Williams, S. A., et al. (2013). “Combining strength training and botulinum neurotox-
in intervention in children with cerebral palsy: the impact on muscle morphology and
strength” Disability and rehabilitation 35(7): 596-605.



