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Rehabilitation of children with cerebral palsy
from a physiotherapist’s perspective
Fizyoterapist bakış açısıyla beyin felçli çocukların rehabilitasyonu
Mintaze KEREM GÜNEL
Department of Physical Therapy and Rehabilitation, Faculty of Health Sciences, Hacettepe University, Ankara

Pediatric rehabilitation requires a multidisciplinary team
approach to disabilities or handicaps caused by physical,
mental, sensory-perceptional, or cognitive disorders due to
prenatal, natal, or postnatal causes. Cerebral palsy (CP) is
defined as persistent but not progressive disorder of posture and movement system, associated with functional activity limitations and sensorial, cognitive, communication
problems, epilepsy, and musculoskeletal system problems.
Physiotherapy approaches in rehabilitation applications
aim to normalize sensorial and motor functions, provide
normal posture and independent functional activity, regulate muscle tone, improve visual and auditory reactions,
support normal motor development and motor control,
improve ambulation and endurance, increase the quality
of the existing movements, prevent soft tissue, joint and
postural disorders, support orthopedic and surgical procedures, and finally to prepare the child for the adolescent
and adult periods. Setting realistic goals, determination of
the priorities, informing the family and enhancing family
participation in physiotherapy programs will increase the
success of physiotherapy. This article reviews current rehabilitation approaches and physiotherapy applications for
children with CP.

Çocuk rehabilitasyonu, doğum öncesi, doğumda ya da doğum
sonrası nedenlerle oluşabilen fiziksel, zihinsel, duyu-algı ya
da bilişsel bozuklukların yarattığı özür ya da engel tablosuna ekip yaklaşımını gerektirir. Beyin felci (BF), fonksiyonel
aktivitelerde kısıtlılıklara neden olan, postür ve hareket sistemindeki ilerleyici olmayan, kalıcı bozukluk olarak tanımlanabilir; bu tabloya duyu, algı ve iletişim sorunları, epilepsi ve
kas-iskelet sistemi sorunları da eşlik edebilmektedir. Rehabilitasyon uygulamaları içinde fizyoterapi yaklaşımları, duyusal ve motor deneyimleri normalleştirmek, düzgün postür
ve bağımsız fonksiyonel aktiviteyi sağlamak, kas tonusunu
düzenlemeye çalışmak, görsel ve işitsel reaksiyonları geliştirmek, normal motor gelişimi desteklemek ve motor kontrolü
sağlamak, var olan hareketin kalitesini artırmak, yürümeyi
geliştirmek, oluşabilecek yumuşak doku, eklem ve postür
bozukluklarını önlemeye çalışmak, ortopedik ve cerrahi girişimleri desteklemek ve sonuçta çocuğu gençlik ve yetişkin
dönemlerine hazırlamak gibi genel amaçları taşır. Gerçekçi
hedefler ve önceliklerin belirlenmesi, ailenin bilgilendirilmesi ve fizyoterapi programına aktif katılımının sağlanması fizyoterapinin başarısını artıracaktır. Bu derlemede BF’li
çocuklarda güncel rehabiltasyon yaklaşımları ve fizyoterapi
uygulamaları incelenmeye çalışılmıştır.

Pediatric rehabilitation is defined to improve the
independence level of a disabled child functionally
and psychologically, in the physiological, anatomic,
and environmental restrictions and to increase the
quality of life of children and their families.[1] Re-

habilitation process requires several disciplines to
come together. In this process, inter- and intradisciplinary communication is a necessity and every
discipline should act according to the needs of the
child and family.[2-4]
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The World Health Organization (WHO) estimated
the disability ratio in developing countries as 12%. It
has been reported that 6 million disabled people live
in Turkey. In our country, there are 25 million children
in the 0-18 age group, of which 3 million are disabled
children between 0-16 years of age.[5] In terms of quality of life and deficiency, rehabilitation targets should be
determined exactly, problems identified, the outcomes
interpreted, and regular follow-ups questioned.[6]

In our opinion, rehabilitation terms about children have quite various definitions in Turkey, which
should be clearly defined in order to establish proper
approaches. The use of terms in accordance with the
accepted situation of children is quite as much important as established medical definitions. The definitions that are used or ought to be used in our country
should be generated through interdisciplinary collaboration and taking the opinions of the handicapped
children and their families.

If we define impairment, disability, and handicap
as to the problems of disabled children; impairment
defines the primary lesion and pathology, such as the
problem with the brain that causes spasticity, and includes the direct effects of spasticity, such as a dislocated hip caused by the spastic muscles;[7] disability
is used to express loss of function that an individual
experiences because of impairment; therefore, the inability to walk or sit well is a disability arising from
the impairment.[8] Handicap is the result of limitations imposed by the environment and society, which
limits an individual having a specific disability.[9]

Another significant classification that has been put
forward in recent years is the International Classification of Functioning, Disability and Health (ICF).[10]
For rehabilitation professionals, the complex relationship between disability, participation, and environment represents an area of specific importance for
children. The revised version of the ICF incorporates
biological and social perspectives on disablement, so
as to represent fully the impact of health on a person’s
life, including participation in the community. Physical, social, and environmental factors, service systems
and policies may influence a person’s attitude to his/
her impairment or activity limitations.[11]

Cerebral palsy

Cerebral palsy (CP) refers to a group of permanent disorders of the development of movement and posture,
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causing activity limitations, that are attributed to nonprogressive disturbances that occurred in the developing fetal or infant brain.[8] The motor disorders of CP
are often accompanied by disturbances of sensation,
perception, cognition, communication, and behavior,
with epilepsy, and with secondary musculoskeletal
problems.[12] The estimated prevalence in the general
population is 2/1000.[13] The limitations in activity require individual rehabilitation throughout life.[14] Impaired control and coordination of voluntary muscles
is accompanied by mental retardation or learning disabilities in 50 to 75% of children and by speech disorders (25%), auditory impairments (25%), seizure disorders (25-35%), or abnormalities of vision (40-50%).[14]

In Turkey, the prevalence of CP is higher than most
developed countries. Various reasons to explain this
include poor perinatal care, high rates of postnatal
maternal diseases and infections, malnutrition, and a
high rate (25%) of consanguineous marriages.[15] This
latter factor is increasing and causes, predictably,
higher numbers of children born with recessive conditions, many of which have associated disabilities.[16]
In our previous study on rare disorders, we found
that 90 (40%) of 226 had first-degree, and 27 (12%)
had second-degree consanguineous marriage.[17] The
prevalence of CP in Turkey is 4.4/1,000 live births.[18]

Damage to the central nervous system cause disorders in neuromuscular, musculoskeletal, and sensorial systems.[19] These disorders result in posture and
movement deficiencies. Functional independence levels of these children are affected negatively due to
secondary disorders such as various musculoskeletal
deformations and tertiary disorders due to different
compensation mechanisms that develop over time. Although the damage is not progressive, manifestations
of deficiency and disability may be progressive.[6,14,20]

Finally, CP occurs as a developmental disorder.[8,21] The main problem in all types of CP is motor disorders accompanied by sensorial and cognitive problems.[1,7,22] The causes of motor disorders are
developmental retardation, abnormal muscle tone,
muscle weakness, postural control deficiencies, sensorial problems, behavioral problems, orthopedic
problems, abnormal movement patterns and reflex
activity, asymmetry and deformities.[3,6,13,23] The functions that a child with CP should gain following motor developmental milestones are delayed related to
the severity of the lesion. The persistence of primitive
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reflexes which should have been inhibited in the normal developmental process prevents the development
of correction and equilibrium reactions.[24]

Rehabilitation
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processing skills needed for basic activities of daily
living such as eating, dressing, toileting and bathing;
it includes training in school-related skills and also
strategies to help children compensate for specific
deficits in their daily lives.[25,33]

Rehabilitation approaches to children with CP are
comprehensive. In addition to medical and surgical
applications, physiotherapy, occupational therapy,
speech therapy, orthosis and other adaptive equipment, recreational activities, school and education
adaptation and psychosocial support are included in
rehabilitation approaches.[25]

Evaluation

The aims of rehabilitation in children with CP are
to minimize the effect of physical impairments, to
help the child gain independence in the community,
and to improve the quality of life of the handicapped
children and their families who have a major role to
play in the process.[26] Rehabilitation in children with
CP can differ depending on the clinical type and severity, associated disabilities, physiological age of the
child, and socioeconomic factors. In addition, visual,
auditory, cognitive disorders, seizures, learning disabilities, and emotional problems may influence intervention outcomes.[23,27]

Motor assessment should include muscle tone, the
capacity of co-contractions of muscles, involuntary
extremity and trunk movements, stability of extremities, correction and equilibrium reactions, sitting balance, upper extremity and hand functions, sensorialperceptional problems, speech and language function,
and feeding. In addition, orthosis, mobilization devices and other adaptive equipment, general health status
of the child, and social-cultural and economical status
of the family should be evaluated.[13,19] Realistic goals
should be defined, and plans for any changes in care
should also be communicated with other members of
the treatment team, family, and the patient.[23,26,34]

Physiotherapy plays a central role in managing the
children with CP and it focuses on function, active
movement, and optimal use of the child’s potential.
Physiotherapy uses physical approaches to promote,
maintain, and restore physical, psychological, and social well-being.[28,29] Interventions for children with
CP must be efficient and cost-effective.[14,30] Rehabilitation team members try to provide strategies that will
help children reach their full and independent potential in their homes and communities. The rehabilitation influence is not restricted to the medical center
and treatment gymnasium, but frequently includes the
child’s functioning settings within the home, school,
recreation, and community environments.[6,31]
The physiotherapist focuses on gross motor skills
and functional mobility in the management of motor deficits in CP.[1] Positioning, sitting, walking with
or without assistive devices and orthoses, wheelchair
use and transfers are areas that the physiotherapist
works on. The physiotherapist performs and plans
physiotherapy and home program and provides the
interphase with the school and recommends equipment and orthosis.[30,32] This approach also focuses on
gross and fine motor activities, visual, and sensory

In the assessment of a child with CP, questions such as
“Why is physiotherapy required?”, “What are the effective neurophysiological and biomechanical mechanisms?”, “ How do the accompanying problems affect
the condition?” should be answered.

In the assessment of motor level, functional development, and daily living activities, Gross Motor
Function Measure (GMFM),[35] Gross Motor Function
Measure Classification System (GMFCS),[36] Pediatric
Functional Independence Measure (WeeFIM),[37] and
Pediatric Evaluation of Disability Inventory (PEDI)[38]
may be directive.
More recently, GMFM which has been shown to be
a valid, reliable, and sensitive tool, has been utilized
for documentation of improvement in function.[39] It
was initially an 88-item test, then designed to include
66 items, inquiring five areas of function including lying and rolling, sitting, crawling and kneeling, standing, and walking, running, and jumping. The GMFCS
is a common classification system and an evidencebased classification tool of five levels ranging from
level I, which includes children with minimal or no
disability with respect to community mobility, to level V which includes children who are totally dependent on external assistance for mobility.[35] Range-ofmotion should be assessed using standardized testing
measures.[40] It is important to document tone with the
Modified Ashworth Scale, which is a good clinical
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method. Reduction in the score serves as one of the
ways to document a beneficial tone modulation from
a treatment.[41]
The most important parameter of the assessment
is observation. The active and self-performed movements and the posture of the children during activity
or play with the toys and their independence levels are
watched.[42] Observation also includes alertness of the
child, communication, habits during the movements,
and behaviors of the parents.[43]
Clinical types of CP are most commonly classified
according to neurological symptoms. Generally we can
summarize the problems based on clinical types;
Spastic cerebral palsy. Spasticity is a major clinical
feature of over 75% of cases with CP. The most important problems in children with spastic CP are spasticity
in extremity muscles, hypotonus in trunk muscles, insufficiency in protective and equilibrium reactions, stereotype movement patterns, slow and firm movements,
combined reactions, joint deformities due to muscle
strength inequality, posture and gait disorders.[1,44]
Athetoid cerebral palsy. Main problems include
fluctuations in muscle tone, involuntary extremity
and trunk movements, insufficiency of stabilization
of the trunk and extremities, insufficiency of muscle
co-contraction, and insufficiency of correction, equilibrium and protective reactions.[45]
Ataxic cerebral palsy. It generally presents with
hypotonus, weak co-contraction, postural stabilization insufficiency, dissymmetry, and coordination
disorders of movement.[46] In children with hypotonic
cerebral palsy, weak head control, weakness in trunk
stabilization and control, insufficiency of correction,
equilibrium and protective reactions, joint hypermobility are seen as the main problems.[47]

Applications

Physiotherapists emphasize the need for the practice
to be evidence-based whenever possible.[19,30] Recent
reviews have addressed the effectiveness of physiotherapy interventions for children with CP focusing
on neurodevelopmental therapy (NDT),[34] training on
muscle strengthening exercises,[35] conductive education,[36] various physiotherapy interventions,[48-51] and
orthotic devices.[52] Recently, methods such as biofeedback and electrical stimulation have been accepted as
adjunct therapies.[43,51]
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The most common physiotherapy approach used in
children with CP is the Bobath NDT approach.[32,48,51]
Berta and Karel Bobath, a physical therapist and a
neuropsychiatrist, respectively, were pioneers in the
treatment of CP. As early as the 1940s, they began
to develop an approach that grew out from Berta Bobath’s clinical observations and was initially understood in the context of the reflex movements, hierarchical development, and maturation theories. The
Bobath approach has spread widely and heavily influenced physiotherapy for children with CP. According to the Bobaths, the motor problems of CP arise
generally from central nervous system dysfunction,
which interferes with the development of normal
postural control against gravity and impedes normal
motor development. The goal was the establishment
of normal motor development and function, the prevention of contractures and deformities. Their NDT
approach focused on sensory motor components of
muscle tone, reflexes and abnormal movement patterns, postural control, sensation, perception, and
memory. Also, the main aim of NDT was to change
the neural-based motor responses of the central
nervous system. Advances in the Bobath approach
continue and it is currently regarded as a “concept”
rather than a technique. The concept encompasses
three main principles including facilitation, stimulation, and communication in order to provide normal
movement experience, minimize motor-sensory disorders, and improve functional independence levels
of children with CP. Individual growth and cognitive
characteristics of the child should also be considered
among important principles. [22,32,48,53]

Exercises are planned structured activities involving repeated movements of skeletal muscles to improve or maintain levels of physical fitness. Several
types of exercises are utilized to improve the child’s
motor ability.[54]

Passive stretching. It is a manual application for
spastic muscles to relieve soft tissue tightness. Manual
stretching may increase range of movements, reduce
spasticity, or improve walking efficiency in children
with spasticity.[54]
Static weight-bearing exercises. They are commonly used in order to stimulate antigravity muscle
strength, prevent hip dislocation, improve bone mineral density, improve self-confidence, reduce spasticity, and improve fine motor function.[55]
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Muscle strengthening exercises. It aims to increase
the power of weak antagonist muscles and of the corresponding spastic agonists and to provide the functional
benefits of strengthening in children with CP.[56]
Functional exercises. They combine aerobic and
anaerobic capacity and strength training in ambulatory children, and significantly improve physical fitness,
the intensity of activities, and quality of life. Training
programs on static bicycles or treadmill are beneficial
for gait and gross motor development without enhancing spasticity and abnormal movement patterns.[57]
Electrical stimulation. It is proposed as a useful
modality in CP due to the lack of selective muscle control required for specific strengthening programs. In particular, neuromuscular and threshold electrical stimulation is used for strengthening the quadriceps muscles in
ambulatory diplegic children with CP, who find resistive
strength training difficult.[58]
Spasticity in children with CP may be a useful substitute for deficiency of motor strength, in that it facilitates standing with extensor hypertonia and may provide power to voluntary contractions. However, it often
exerts negative influence and leads to aggravation of
motor disability, impairs standing and walking due to
clonus, scissoring, flexor or extensor spasticity, slows
voluntary movements, affects proper positioning, and
increases the risk for contractures and joint subluxation. Pain due to extreme spasticity and difficulty in
providing hygiene are additional problems.[59] Spasticity reduction is considered for the following aims: to
improve positioning and active function, prevent musculoskeletal complications, and reduce the need for
corrective surgery in the future.[60] Oral medications,[61]
botulinum toxin,[62] selective posterior rhizotomy,[63]
intratechal baclofen,[64] and orthopedic surgery[65] are
used to reduce spasticity.[66] The purpose of physiotherapy program before using botulinum toxin is to
prepare the child to the new posture and normal movement experiences. When botulinum toxin is chosen for
achieving functional goals like sitting, standing, and
improving the gait pattern, multiple muscle groups
need to be treated usually in multilevel applications.
The purposes of the physiotherapy after utilization are
to protect musculoskeletal system biomechanics and
range of motion, improve muscle strength and endurance, provide agonist and antagonist muscle balance,
and give proprioceptive training. Orthosis application
is important to obtain longer efficacy of botulinum
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toxin and to protect muscle length. Recent studies indicated that botulinum toxin plus intensive physiotherapy
applications increased the success in the field.[67]
In addition to physiotherapy and medical treatment,
children with spastic CP are often treated surgically.
Depending on the individual child, muscle or tendon
lengthening, tendon transfer, and bone correction aim to
restore the functional range of motion, diminish muscle
strength imbalance, and align the limbs to a functionally correct position.[68] The aims of these interventions
are to minimize the development of contractures and
deformities by normalizing the muscle tone, facilitating
adequate stretch to muscles, and increasing the active
range of motion, to strengthen weak muscles, to improve mobility and acquire functional motor skills, and
to promote functional independence in the house, at
school, and in the community.[69] Physiotherapy applications after surgery may differ depending on the child’s
general health, site of surgery, and surgical approach.
The purposes of the applications are to increase range
of motion, provide muscle strength balance, protect
gains by positioning, develop new movement abilities,
maintain biomechanical regularity, and provide re-ambulation. Proprioceptive training has great importance
in the applications. Immobilization period after surgery
depends on the time of mobilization with partial or
full weight and surgical approach and protocol. If the
immobilization period is long after surgery, by opening windows on casting or after taking off the plaster,
electrical stimulation may be useful for strengthening
weak muscles.[70-72] Specialized physiotherapy programs have indicated that functional improvements can
only be maintained with regular practice and the effects
of intensive strength training start to disappear after a
3-month detraining period.[73] Postoperative physiotherapy applications consist of passive, assisted, and active movement of the limbs and strengthening exercises
have also been recommended for patients with CP to
improve muscle strength and some functional parameters.[13,24,32,56,72]A variety of handling techniques can
also be used based on the NDT approach. The Bobath
approach comprises appropriate means in particular for
proprioceptive training, normal movement experience,
and integration of the gained normal movements in the
daily living activities.
In all rehabilitation applications for the children
with CP, parents should always follow the treatment
and should be encouraged to participate in the treat-
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ment when required.[74] The parents should be patient
and taught to give enough time to their children for
the movement and not to pacify the children. Normal
movement is the base of the normal function, and functions are required for the daily living activities.[72,75]
The parents should be made aware that the child could
achieve normal movements faster if they offer them
appropriate occasions for functional activities in daily
living. Even if the motor movements are retarded, the
activities should be parallel with the cognitive level of
the child and this condition should be explained to the
families.[76] In rehabilitation applications, information
about the daily lives of the children and their family
should be derived for different environments such as
home, school, and play should be learned and family
relations, life styles and social-economical and cultural
factors should be taken into consideration.[42,43,48]

Conclusion

In physiotherapy applications for the children with
CP, talking on only “treatment” terminology is insufficient. Instead, it is more accurate to use “management” since physiotherapy of children with CP not
only includes the treatment of the motor problems,
but also considers all requirements of the child and a
good family-child relation. During the applications,
the problems of the child should be thought in the
context of a wide spectrum having motor, cognitive,
sensorial, emotional, and social aspects.
It is very important to determine realistic goals. The
rehabilitation team should determine the short- and
long-term targets consistent with the condition of the
child and should control at certain intervals whether
these targets have been achieved. If an unrealistic target is noted, a correct connection should be established
between the actual condition of the child and the new
target. During the rehabilitation applications, planning
all day activities, working with the family, integration
to daily living activities, helping the child, increasing
the quality of life are important. Determination of the
main targets during the treatment, taking the child’s
personal characteristics into consideration, providing
occasions for the child to use his/her functional abilities in the play are also important.

Acta Orthop Traumatol Turc

2.
3.
4.
5.
6.

7.

8.

9.

10.
11.
12.
13.

14.
15.
16.

References

1. Olney SJ, Wright MJ. Cerebral palsy. In: Campbell SK,
Vander Linden DW, Palisano RJ, editors. Physical therapy
for children. 2nd ed. Philadelphia: W. B. Saunders; 2000.

17.

p. 533-71.
Johnson DA, Rivlin E, Stein DG. Paediatric rehabilitation:
improving recovery and outcome in childhood disorders.
Pediatr Rehabil 2001;4:1-3.
Kwolek A, Majka M, Pabis M. The rehabilitation of children with cerebral palsy: problems and current trends. Ortop Traumatol Rehabil 2001;3:499-507.
Aneja S. Evaluation of a child with cerebral palsy. Indian J
Pediatr 2004;71:627-34.
Türkiye İstatistik Kurumu. Türkiye Özürlüler Araştırması,
2002. Internet erişimi 10 Ekim 2008: http://www.die.gov.
tr/CIN/stat/dOzurlulukOrani.doc
Spearing EM. Providing family-centered care in pediatric
physical therapy. In: Tecklin JS, editor. Pediatric physical therapy, 4th ed. Philadelphia: Lippincott Williams &
Wilkins; 2008. p. 1-13.
Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M,
Damiano D, et al. A report: the definition and classification of cerebral palsy, April 2006. Dev Med Child Neurol
Suppl 2007;109:8-14.
Bax M, Goldstein M, Rosenbaum P, Leviton A, Paneth
N, Dan B, et al. Proposed definition and classification of
cerebral palsy, April 2005. Dev Med Child Neurol 2005;
47:571-6.
Barbotte E, Guillemin F, Chau N, Lorhandicap Group.
Prevalence of impairments, disabilities, handicaps and
quality of life in the general population: a review of recent
literature. Bull World Health Organ 2001;79:1047-55.
World Health Organization: ICF International classification of functioning, disability and health. Geneva, Switzerland: World Health Organization; 2001.
Rosenbaum P, Stewart D. Perspectives on transitions: rethinking services for children and youth with developmental disabilities. Arch Phys Med Rehabil 2007;88:1080-2.
Odding E, Roebroeck ME, Stam HJ. The epidemiology of
cerebral palsy: incidence, impairments and risk factors.
Disabil Rehabil 2006;28:183-91.
Mayston MJ. Physiotherapy management in cerebral palsy:
an update on treatment approaches. In: Scrutton D, Damiano DL, Mayston M, editors. Management of the motor
disorders of children with cerebral palsy. 2nd edition. Cambridge: Cambridge University Press; 2004. p. 147-60.
Shepherd RB. Cerebral palsy. In: Physiotherapy in paediatrics. 3rd ed. Oxford: Butterworth-Heinemann; 1995. p.
110-44.
Tunçbilek E. Clinical outcomes of consanguineous marriages in Turkey. Turk J Pediatr 2001;43: 277-9.
McHale DP, Mitchell S, Bundey S, Moynihan L, Campbell
DA, Woods CG, et al. A gene for autosomal recessive symmetrical spastic cerebral palsy maps to chromosome 2q24-25.
Am J Hum Genet 1999;64:526-32.
Mutlu A, Demir N, Kaya E, Kerem M, Livanelioglu A.
Rare disorders: a perspective from Turkey. In: European
Academy of Childhood Disability (EACD) 15th Annual

Kerem-Günel. Rehabilitation of children with cerebral palsy from a physiotherapist’s perspective

Meeting; October 2-4, 2003; Oslo, Norway. Dev Med
Child Neurol, EACD Abstract Book 2003;45:25.
18. Serdaroğlu A, Cansu A, Özkan S, Tezcan S. Prevalence of
cerebral palsy in Turkish children between the ages of 2
and 16 years. Dev Med Child Neurol 2006;48:413-6.
19. Butler C, Chambers H, Goldstein M, Harris S, Leach J,
Campbell S, et al. Evaluating research in developmental
disabilities: a conceptual framework for reviewing treatment outcomes. Dev Med Child Neurol 1999;41:55-9.
20. Beckung E, Hagberg G. Neuroimpairments, activity limitations, and participation restrictions in children with cerebral palsy. Dev Med Child Neurol 2002;44:309-16.
21. Mutch L, Alberman E, Hagberg B, Kodama K, Perat MV.
Cerebral palsy epidemiology: where are we now and where
are we going? Dev Med Child Neurol 1992;34:547-51.
22. Bleck EE. Locomotor prognosis in cerebral palsy. Dev Med
Child Neurol 1975;17:18-25.
23. Styer-Acevedo J. Physical therapy for the child with cerebral palsy. In: Tecklin JS, editor. Pediatric physical therapy. 3rd ed. Philadelphia: Lippincott Williams & Wilkins,
1999. p. 179-230.
24. Papavasiliou AS. Management of motor problems in cerebral palsy: A critical update for the clinician. Eur J Paediatr Neurol 2008 Sep 6 [Epub ahead of print] doi:10.1016/j.
ejpn.2008.07.009.
25. Helders PJ, Engelbert RH, Custers JW, Gorter JW, Takken
T, van der Net J. Creating and being created: the changing panorama of paediatric rehabilitation. Pediatr Rehabil
2003;6:5-12.
26. Cusick A, McIntyre S, Novak I, Lannin N, Lowe K. A
comparison of goal attainment scaling and the Canadian
Occupational Performance Measure for paediatric rehabilitation research. Pediatr Rehabil 2006;9:149-57.
27. Schalick WO. Children, disability and rehabilitation in history. Pediatr Rehabil 2000;4:91-5.
28. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: definitions and distinctions for health-related research. Public Health Rep 1985;
100:126-31.
29. Bobath K. The normal postural reflex mechanism and its deviation in children with cerebral palsy. Physiotherapy 1971;
57:515-25.
30. Damiano DL. Activity, activity, activity: rethinking our physical therapy approach to cerebral palsy. Phys Ther 2006;86:
1534-40.
31. Law M, Russell D, Pollock N, Rosenbaum P, Walter S, King
G. A comparison of intensive neurodevelopmental therapy
plus casting and a regular occupational therapy program
for children with cerebral palsy. Dev Med Child Neurol
1997;39:664-70.
32. Bobath K, Bobath B. The neuro-developmental treatment.
In: Scrutton D, editor. Management of the motor disorders
of children with cerebral palsy. Philadelphia: J. B. Lippincott; 1984. p. 6-18.

179

33. Butler C, Darrah J. Effects of neurodevelopmental treatment (NDT) for cerebral palsy: an AACPDM evidence report. Dev Med Child Neurol 2001;43:778-90.
34. Kunz R, Autti-Rämö I, Anttila H, Malmivaara A, Mäkelä
M. A systematic review finds that methodological quality
is better than its reputation but can be improved in physiotherapy trials in childhood cerebral palsy. J Clin Epidemiol
2006;59:1239-48.
35. Russell DJ, Avery LM, Rosenbaum PL, Raina PS, Walter
SD, Palisano RJ. Improved scaling of the gross motor function measure for children with cerebral palsy: evidence of
reliability and validity. Phys Ther 2000;80:873-85.
36. Palisano RJ, Cameron D, Rosenbaum PL, Walter SD, Russell D. Stability of the gross motor function classification
system. Dev Med Child Neurol 2006;48:424-8.
37. Ottenbacher KJ, Taylor ET, Msall ME, Braun S, Lane SJ,
Granger CV, et al. The stability and equivalence reliability of the functional independence measure for children
(WeeFIM). Dev Med Child Neurol 1996;38:907-16.
38. Haley SM, Coster WJ, Faas RM. A content validity study
of the pediatric evaluation of disability inventory. Pediatr
Phys Ther 1991;3:177-84.
39. Günel MK, Mutlu A, Tarsuslu T, Livanelioğlu A. Relationship among the Manual Ability Classification System
(MACS), the Gross Motor Function Classification System
(GMFCS), and the functional status (WeeFIM) in children
with spastic cerebral palsy. Eur J Pediatr 2009;168:477-85.
40. Mutlu A, Livanelioğlu A, Günel MK. Reliability of goniometric measurements in children with spastic cerebral palsy.
Med Sci Monit 2007;13:CR323-9.
41. Mutlu A, Livanelioğlu A, Günel MK. Reliability of Ashworth and Modified Ashworth scales in children with spastic cerebral palsy. BMC Musculoskelet Disord 2008;9:44.
42. Mayston MJ. People with cerebral palsy: effects of and
perspectives for therapy. Neural Plast 2001;8:51-69.
43. Anttila H, Autti-Rämö I, Suoranta J, Mäkelä M, Malmivaara A. Effectiveness of physical therapy interventions
for children with cerebral palsy: a systematic review. BMC
Pediatr 2008;8:14.
44. McLaughlin JF, Bjornson KF, Astley SJ, Graubert C, Hays
RM, Roberts TS, et al. Selective dorsal rhizotomy: efficacy
and safety in an investigator-masked randomized clinical
trial. Dev Med Child Neurol 1998;40:220-32.
45. Yokochi K, Shimabukuro S, Kodama M, Kodama K, Hosoe A. Motor function of infants with athetoid cerebral
palsy. Dev Med Child Neurol 1993;35:909-16.
46. Beckung E, Hagberg G, Uldall P, Cans C, Surveillance
of cerebral palsy in Europe. Probability of walking in
children with cerebral palsy in Europe. Pediatrics 2008;
121:e187-92.
47. Lesný IA. Follow-up study of hypotonic forms of cerebral
palsy. Brain Dev 1979;1:87-90.
48. Tsorlakis N, Evaggelinou C, Grouios G, Tsorbatzoudis C.
Effect of intensive neurodevelopmental treatment in gross

180

motor function of children with cerebral palsy. Dev Med
Child Neurol 2004;46:740-5.
49. Damiano DL, Abel MF. Functional outcomes of strength
training in spastic cerebral palsy. Arch Phys Med Rehabil
1998;79:119-25.
50. Blank R, von Kries R, Hesse S, von Voss H. Conductive
education for children with cerebral palsy: effects on hand
motor functions relevant to activities of daily living. Arch
Phys Med Rehabil 2008;89:251-9.
51. Fetters L, Kluzik J. The effects of neurodevelopmental
treatment versus practice on the reaching of children with
spastic cerebral palsy. Phys Ther 1996;76:346-58.
52. Carlson WE, Vaughan CL, Damiano DL, Abel MF. Orthotic management of gait in spastic diplegia. Am J Phys
Med Rehabil 1997;76:219-25.
53. Kerem M, Livanelioğlu A. Effects of neurodevelopment
therapy on motor development in children with cerebral
palsy. Fizyoter Rehabil 2003;13:117-123.
54. Akbayrak T, Armutlu K, Günel MK, Nurlu G. Assessment
of the short-term effect of antispastic positioning on spasticity. Pediatr Int 2005;47:440-5.
55. Pin TW. Effectiveness of static weight-bearing exercises
in children with cerebral palsy. Pediatr Phys Ther 2007;
19:62-73.
56. Damiano DL, Kelly LE, Vaughn CL. Effects of quadriceps
femoris muscle strengthening on crouch gait in children
with spastic diplegia. Phys Ther 1995;75:658-67.
57. MacPhail HE, Kramer JF. Effect of isokinetic strengthtraining on functional ability and walking efficiency in adolescents with cerebral palsy. Dev Med Child Neurol 1995;
37:763-75.
58. Kerr C, McDowell B, McDonough S. Electrical stimulation in cerebral palsy: a review of effects on strength and
motor function. Dev Med Child Neurol 2004;46:205-13.
59. Koman LA, Paterson Smith B, Balkrishnan R. Spasticity associated with cerebral palsy in children: guidelines for the
use of botulinum A toxin. Paediatr Drugs 2003;5:11-23.
60. Ahl LE, Johansson E, Granat T, Carlberg EB. Functional
therapy for children with cerebral palsy: an ecological approach. Dev Med Child Neurol 2005;47:613-9.
61. Verrotti A, Greco R, Spalice A, Chiarelli F, Iannetti P.
Pharmacotherapy of spasticity in children with cerebral
palsy. Pediatr Neurol 2006;34:1-6.
62. Graham HK, Aoki KR, Autti-Rämö I, Boyd RN, Delgado
MR, Gaebler-Spira DJ, et al. Recommendations for the use
of botulinum toxin type A in the management of cerebral
palsy. Gait Posture 2000;11:67-79.
63. Mäenpää H, Salokorpi T, Jaakkola R, Blomstedt G, Sainio
K, Merikanto J, et al. Follow-up of children with cerebral

Acta Orthop Traumatol Turc

palsy after selective posterior rhizotomy with intensive
physiotherapy or physiotherapy alone. Neuropediatrics 2003;
34:67-71.
64. Murphy NA, Irwin MC, Hoff C. Intrathecal baclofen therapy in children with cerebral palsy: efficacy and complications. Arch Phys Med Rehabil 2002;83:1721-5.
65. Hägglund G, Andersson S, Düppe H, Lauge-Pedersen H,
Nordmark E, Westbom L. Prevention of severe contractures might replace multilevel surgery in cerebral palsy: results of a population-based health care programme and new
techniques to reduce spasticity. J Pediatr Orthop B 2005;
14:269-73.
66. Desloovere K, Molenaers G, Jonkers I, De Cat J, De Borre
L, Nijs J, et al. A randomized study of combined botulinum
toxin type A and casting in the ambulant child with cerebral palsy using objective outcome measures. Eur J Neurol
2001;8 Suppl 5:75-87.
67. Ronan S, Gold JT. Nonoperative management of spasticity
in children. Childs Nerv Syst 2007;23:943-56.
68. Patikas D, Wolf SI, Armbrust P, Mund K, Schuster W,
Dreher T, et al. Effects of a postoperative resistive exercise
program on the knee extension and flexion torque in children with cerebral palsy: a randomized clinical trial. Arch
Phys Med Rehabil 2006;87:1161-9.
69. Dabney KW, Lipton GE, Miller F. Cerebral palsy. Curr
Opin Pediatr 1997;9:81-8.
70. Zorer G, Doğrul C, Albayrak M, Bagatur AE. The results of
single-stage multilevel muscle-tendon surgery in the lower
extremities of patients with spastic cerebral palsy.[Article
in Turkish] Acta Orthop Traumatol Turc 2004;38:317-25.
71. Yalçın S, Kocaoğlu B, Berker N, Erol B. Surgical management of orthopedic problems in adult patients with cerebral palsy.[Article in Turkish] Acta Orthop Traumatol Turc
2005;39:231-6.
72. Jeanson E, Damiano D, Mullan B, Rush AJ, Balton M. Rehabilitation techniques. In: Miller F. editor, Physical therapy of cerebral palsy. New York: Springer; 2007. p. 805-61.
73. Bower E, McLellan DL. Effect of increased exposure to
physiotherapy on skill acquisition of children with cerebral
palsy. Dev Med Child Neurol 1992;34:25-39.
74. Olney SJ, MacPhail HE, Hedden DM, Boyce WF. Work
and power in hemiplegic cerebral palsy gait. Phys Ther
1990;70:431-8.
75. Rimmer JA, Rowland JL. Physical activity for youth with
disabilities: a critical need in an underserved population.
Dev Neurorehabil 2008;11:141-8.
76. van der Meer AL, van der Weel FR. Development of perception in action in healthy and at-risk children. Acta Paediatr Suppl 1999;88:29-36.

