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                                                  ABSTRACT  

 

INTRODUCTION: Cerebral palsy is a collection of permanent movement and postural impairments that limit activity and are caused by 

non-progressive abnormalities in a fetus' or child's growing brain. In children with cerebral palsy, neurodevelopmental therapy (NDT) and 

electrical stimulation (ES) treatments are utilized individually to improve postural control and balance (CP).  

AIM: To study the combined effects of Neuro-developmental treatment (Bobath concept) and Electrical Stimulation on postural control and 

balance in children with cerebral palsy.  

METHODS: The study comprised thirty children, divided into two groups, ranging in age from five to fifteen years. NDT+ES was given to 

the experimental group, while NDT was given to the control group for only 5 weeks. GMFM-88 was used to assess gross motor functions, 

PBS was used to assess balance, MTUGT was used to measure posture control, and SPCM was used to assess posture control.  

RESULTS: There was significant improvement in the outcomes measures within both the groups individually while between group analysis 

of outcome measures was not significant. 

CONCLUSION: 5-week NDT based posture and balance training applied to children with cerebral palsy improved their functional motor 

level along with postural control skills, however application of electrical stimulation also has been found effective in this study. 

KEYWORDS: Neurodevelopmental therapy (NDT) and Electrical stimulation (ES), Seated postural and control measure (SPCM) 
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                                                 INTRODUCTION 

Cerebral palsy (CP) is a non-progressive disorder of the brain that results in motor impairment1. ‘Cerebral’ refers to cerebrum, which is the 

affected area of the brain (although the disorder most likely involves connections between the cortex and other parts of the brain such as the 

cerebellum) and ‘palsy’ refers to disorder of movement2.  

Cerebral Palsy is caused by damage to the motor control centers of the developing brain and can occur during pregnancy (about 75%), during 

childbirth (about 5%) or after birth (about 15%) up to about age three3.   

All cerebral palsied children, whether spastic, athetoid or ataxic are retarded in motor development. The inability to maintain posture and 

balance is most obvious. According to motor control model, the movement dysfunction observed after a neural lesion is the result of loss of 

compensatory strategies as well as actual loss of neural tissue. A frequent clinical impairment seen in cerebral palsy is reduced force-

generating ability of the affected muscle groups.  

It can be seen because of decreased central nervous system (CNS) motor unit recruitment and discharge rates4, increased antagonist co-

activation during agonist contractions5, 6 and changes in muscle morphology, including atrophy7-9. Muscle weakness in CP can be profound. 

Depending on the affected muscle group, normalized force produced by children with CP ranges from approximately 22% to 70% of 

normalized force produced by typically developing children10. 

Children with diplegic cerebral palsy (CP) commonly exhibit impairments such as spasticity and weakness that may limit gait, functional 

mobility and independence. When subjects are asked to walk, they often report feeling off balance due to presence of muscle weakness, loss 

of selective motor control, abnormal patterns of movement, deficits in balance and coordination, poor regulation of activity in muscle groups, 

spasticity and co-contraction. Even if spasticity is removed, the child would still be physically disabled11. 

The relationship between spasticity, contracture, and activity is complex in children with cerebral palsy. Spasticity is ‘a motor disorder 

characterized by a velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from hyper 

excitability of the stretch reflex’12. Spasticity can lead to contracture and both spasticity and contracture can limit activity.  

Several studies have proved the effectiveness of stimulation in treating hamstrings spasticity in children with cerebral palsy; stimulation 

overloads the muscle leading to increased motor unit recruitment, hypertrophy, and increased force, potentially leading to greater strength 

gains compared with active range of motion for a child with decreased motor control13. In addition to strength training, the movement 

facilitated by stimulation may lead to motor learning, increasing active range of motion of the limb by improving motor control. 

However, past research studies on stimulation as a therapeutic alternative for children with CP have either not been based on the principles 

of strength training or the methods have not been described in reproducible detail. These studies were either focused on motor control deficits 

to improve functional abilities using motor level stimulation or represented attempts to stimulate muscle growth with the use of sensory level 

stimulation14, 15. 

But this study will fill this gap as the stimulation protocol used in this study is designed to provide the benefits of spast icity reductions for a 

child with increased muscle tone and decreased motor control16. Also, we apply the principles of strength training, including overload and 

time for muscle repair between muscle training sessions to increase strength of the quadriceps muscle groups. So, it is designed to reduce 

hamstrings spasticity and improve secondary impairments like increase in quadriceps muscle strength of a child with diplegic Cerebral Palsy. 

The present study assesses spasticity by investigating the activity of the agonist and antagonist muscles before and after the implementation 

of the stimulation with the use of a sensory level stimulus intensity over the spastic muscles, or over areas of skin that receive a similar nerve 

supply as the spastic muscles respectively. A few Electrical Stimulation protocols with skin electrodes have been studied. The use of skin 

electrodes to train muscles, or to contract muscles for exercise, have resulted in less spasticity and improved function17. 

Hence, stimulation can provide a safe and inexpensive complementary therapeutic technique for children with Cerebral Palsy. 
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                                              METHODS AND MATERIALS                                                 

A total of 30 subjects will be recruited for the study. Participants will be divided into 2 groups: experimental and control. Experimental group 

will be of cerebral palsy patients receiving Neurodevelopmental Treatment (Bobath Concept) combined with Electrical stimulation, Control 

group will include cerebral palsy patients receiving Neuro-Developmental Treatment (Bobath Concept) alone. In each group, an equal 

division of participants will be taken, with a ratio of 15:15. A registration form will be filled for the subjects defining their demographics, 

CP clinical type, limb involvement, medical histories, walking aid use, surgical operation history, and NDT history. Subjects will be assessed 

before and after the intervention through face-to-face interaction. Physiotherapists will assess the patient using various scales. Children 

distributed among the groups will receive training for 30 mins for 4 days for 5 weeks. Experimental Group will receive the NDT+ES. NDT 

includes Vestibular and proprioceptive training on balance board, Vestibular and proprioceptive training on exercise balls in different sizes. 

Dynamic balance training in sitting, kneeling, and standing position (eyes open and closed). Balance exercises in front of the mirror. Standing 

on one foot for improving the proprioceptive input (eyes open and closed). Balance training on the trampoline. Sensory stimulation for foot 

soles with various materials. Weight bearing exercises in sitting, crawling, kneeling, and standing position. Functional reaching and ball 

throwing-keeping exercises in various positions. Multi-task training. Walking training in different types. Climbing up & stepping down the 

stairs (supported-unsupported, symmetric, reciprocal etc.) (39) Electrical stimulation will be given over the paravertebral muscles when the 

subject is in sitting position. Pulse duration will be established as 14.65 microseconds with frequency of 60 Hz, and current strength will 

determine to form a tetanic contraction. Application duration will be 10 minutes and the application frequency were 4 days/week. (40) 

Electrical stimulation will be given inside lying position for gluteus maximus and in sitting position for quadriceps. During the application 

of neuromuscular electrical stimulation, child was positioned with the knee flexed (70-80 degree) and the hamstring will not in the lengthened 

position to reduce the amount of stimulation required to attain a forceful contraction and therefore improve comfort. The intervention period 

was of 2 weeks duration, electrical stimulation for 10 minutes each muscle, 4 days/week. Parameters used: Waveform- balance, symmetrical, 

biphasic; Pulse duration - 300 ms; Frequency 50 pulse/sec; Stimulation time: Rest time on: off 15:5, Ramp up – 1 sec, Ramp down-sec; 

Intensity - maximum tolerable intensity by the child. (41) 

 

Table: Within group analysis of outcome measure SPCM LSS in group 1 (Neuro-developmental treatment)  

 

Sr. No. Outcome measure Median (IQR) Range (MIN-MAX) p- Value 

 

   

 

      1 

 SPCM LSS 

PRE 

 

 SPCM LSS 

POST 

 6 (5,8) 

 

 

 

 6.87 

          (6,8) 

 3(5-8) 

 

 

 

 3(5-8) 

 

 

     0.006 

 

                                   

 

                                          INTERPRETATION 

The median, interquartile range, and range are the descriptive statistics for the outcome measure (SPCM LSS) that followed a non-normal 

distribution. Wilcoxon signed rank test was performed to establish the level of significance between them at baseline and after intervention 

in inferential statistics, which revealed a significant difference in group 1 after the intervention. 

                                                 

                                                RESULTS 

There was significant improvement in the outcome's measures within both the groups individually while between group analysis of outcome 

measures was not significant. 
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                                               DISCUSSION  

Cerebral palsy (CP) is a neuromuscular condition that develops in the prenatal, perinatal, and postnatal periods because of brain damage (42). 

Motor issues are caused by abnormal muscle tone, muscular weakness, postural control abnormalities, as well as primitive reflex patterns 

seen in children with CP. For these reasons, children with CP have difficulties with motor milestones including sitting, crawling, and walking 
(43). Sitting allows a child to do a variety of useful tasks, interact with their environment, and learn trunk control by utilizing their upper 

extremities. As a result, as soon as feasible, sitting ability should be increased. In addition, sitting without assistance promotes dynamic 

stabilization for the youngster (44). The goal of this research was to see whether using Neuro-developmental treatment alone and Neuro-

developmental treatment and electrical stimulation had any impact on postural control and balance in children with cerebral palsy. The 

combination use of these 2 therapies improved postural control as well as balance in children with CP, according to the findings of this 

research. 

CONCLUSIONS 

 This study found that combining the Neuro-developmental Treatment and Electrical Stimulation apps, in addition to the NDT programme, 

facilitated the paravertebral muscles, Gluteus maximus, and Quadriceps. The facilitation of all three muscles by ES, as well as an increase 

in tactile and proprioceptive input to the central nervous system via mechanoreceptors and improvements in muscle strength and motor 

control, have improved postural control and balance in children with cerebral palsy, which may affect their independence. 5-week NDT 

based posture and balance training applied to children with cerebral palsy improved their functional motor level along with postural control 

skills, however application of electrical stimulation also has been found effective in this study. 

 

                                                   REFERENCES 

1. Samuel C.K. Lee, Scott K. Stackhouse. Preliminary Results of Percutaneous Neuromuscular Electrical Stimulation for Strength 

Training in Children with Cerebral Palsy. Sports Med 1996; 22: 176-186. 

2. Beukelman, David R.; Mirenda (1999). Augmentative and Alternative Communication: Management of severe communication 

disorders in children and adults. Pat (2 ed.). Baltimore: Paul H Brookes Publishing Co. pp. 246–249.   

3. "Cerebral Palsy - Topic Overview". http://children.webmd.com/tc/cerebral-palsy-topic-overview. Retrieved 2008-02-06.   

4. Stackhouse SK, Binder-Macleod SA, Lee SCK. Characterization of voluntary muscle activation, contractile, and fatigue properties 

of two lower extremity muscles in children with and without cerebral palsy. Muscle Nerve. 2005; 5:594-601. 

5. Elder GCB, Kirk J, Stewart G, et al. Contributing factors to muscle weakness in children with cerebral palsy. Dev Med Child 

Neurol. 2003; 45:542-550. 

6. Ikeda AJ, Abel MF, Granata KP, Damiano DL. Quantification of cocontraction in spastic cerebral palsy. Electromyogr Clin 

Neurophysiol,1998; 38:497-504. 

7. Rose J, Haskell WL, Gamble JG, et al.Muscle pathology and clinical measures of disability in children with cerebral palsy. J Orthop 

Res. 1994; 12:758-768. 

8. Castle ME, Reyman TA, Schneider M. Pathology of spastic muscle in cerebral palsy. Clin Orthop. 1979; 142:223-233. 

9. Ito J, Araki A, Tanaka H, et al. Muscle histopathology in spastic cerebral palsy. Brain Dev. 1996; 18:299-303. 

10. Damiano DL, Vaughan CL, Abel MF. Muscle response to heavy resistance exercise in children with spastic cerebral palsy. Dev 

Med Child   Neurol 1995; 37: 731-739. 

11. Joni Daichman, DPT, Therese E. Johnston, The Effects of a Neuromuscular Electrical Stimulation Home Program on Impairments 

and Functional Skills of a Child with Spastic Diplegic Cerebral Palsy. Ped physical therapy: Volume 15(3), fall 2003 pp 153-158. 

12. Mohammad A Khalili and Abdulhamid Hajihassanie. Electrical simulation in addition to passive stretch has a small effect on 

spasticity and contracture in children with cerebral palsy. Australian Journal of Physiotherapy 2008 Vol. 54, pp185-189. 

13. Reed B. The physiology of neuromuscular electrical stimulation. Pediatr Phys Ther. 1997; 9:96–102. 

14. Carmick J. Clinical use of neuromuscular electrical stimulation for children with cerebral palsy, part 1: lower extremity. Phys Ther. 

1993; 73:505–513. 

15. Dubowitz V, Hyde SA, Scott OM, Vrbova BA. Improvement of muscle performance by chronic electrical stimulation on the 

muscles of children with cerebral palsy. Lancet 1988; 1:587–588. 

16. Kisner C, Colby LA. Resistance exercise. Therapeutic Exercise: Foundations and Techniques. 2nd ed. Philadelphia, Penn: Davis; 

1990:61-105. 

17. Electrical Stimulation in Cerebral Palsy. Adobe Reader Version. 

18. Tekin F, Kavlak E, Cavlak U, Altug F. Effectiveness of Neurodevelopmental Treatment ( Bobath Concept) on postural control and 

balance in Cerebral Palsied children. Journal of back and musculoskeletal rehabilitation. 2018 Jan 1;31(2):397-403. 

http://www.ijnrd.org/
http://children.webmd.com/tc/cerebral-palsy-topic-overview
http://children.webmd.com/tc/cerebral-palsy-topic-overview


                                                © 2023 IJNRD | Volume 8, Issue 4 April 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2304088 International Journal of Novel Research and Development (www.ijnrd.org)  
 

a682 
 

19. Elbasan B, Akaya KU, Akyuz M, Oskay D. Effects of neuromuscular electrical stimulation and Kinesio taping applications in 

children with cerebral palsy on postural control and sitting balance. Journal of back and musculoskeletal rehabilitation. 2018 Jan 

1;31(1):49-55.  

20.  Mohanty P, Pattnaik M, Sarkar A. Effect of neuromuscular electrical stimulation on gluteus maximus and quadriceps in cerebral 

palsy children with crouch gait. Neurological Disorders. 2016;4(3):1-4. 57  

21.  Rosenbaum P, Paneth N, Levinton A, Goldstein M, Bax M, Damiano D, Jacobsson B. The definition and classification of cerebral 

palsy. NeoReviews. 2006 Nov;7(11): e569. 

22. Woollacott MH, Burtner P, Jensen J, Jasiewicz J, Roncesvalles N, Sveistrup H. Development of postural responses during standing 

in healthy children and children with spastic diplegia. Neuroscience & Biobehavioral Reviews. 1998 Mar 4;22(4):583-9.  

23.  de Graaf-Peters VB, Blauw-Hospers CH, Dirks T, Bakker H, Bos AF, Hadders-Algra M. Development of postural control in 

typically developing children and children with cerebral palsy: possibilities for intervention. Neuroscience & Biobehavioral 

Reviews. 2007 Jan 1;31(8):1191-200. 

http://www.ijnrd.org/

