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            Abstract

            
               
Background: To assess the effects of injection of citicoline in combination with physiotherapy versus physiotherapy alone, to advance
                  the functional outcome in paediatric patients with cerebral palsy. Subjects & Methods: A total of 150 paediatric patients diagnosed with cerebral palsy were incorporated into the study. The average age of the
                  patient included in the study was found to be 36 months. All the patients enrolled in the study were referred to the paediatric
                  neurological department. Results: The mean age of the patient was 36 ± 10 months. Out of the 150 total patients, 60% were boys and 40% were girls. When the
                  percentage of improvement was compared between the groups, the study group was established to be statistically significant.
                  (P = 0.02). Conclusion: Citicoline is efficient and secure in the treatment of gross motor function combination with physiotherapy in patients with
                  cerebral palsy. Physical therapy is frequently the first move in managing cerebral palsy.
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               Introduction

            Diverse divisions of the brain manage the faction of each muscle of the body. In cerebral palsy, there is harm to or require
               of growth in, one of these regions of the brain. [1] Cerebral palsy (CP) is the grouping of two words: 'Cerebral' – refers to the brain. 'Palsy' – can denote weakness or paralysis
               or be short of muscle control. So CP is a disarray of muscle control that results from several injuries to the division of
               the brain. CP is used when the difficulty has happened prematurely in life, to the developing brain.[2,3]  It is approximate that 2 out of each 1,000 newborn children will build up cerebral palsy. Presently, about 10,000 children
               and infants are detected with this form every year. CP is a recognizable difficulty, the universal frequency being 2 to 2.5
               per 1000 live births. The description of the cerebral palsied child are paralysis, weakness, in harmonization, on some former
               deviation of motor function owing to the failure of the motor centers of the brain.[4,5] 
            

            There are numerous rationales why somebody may have cerebral palsy. [6] An unborn child may undergo a brain injury, an infection, or irregular growth of the brain tissue. These reasons are accountable
               for 70% of the cases of cerebral palsy. Another 20% of cerebral palsy cases are due to brain damage that takes place through
               the birthing process. [7] 

            Efforts to differentiate persons with CP may happen for a variety of reasons: clinical explanation, forecast of future position,
               and to monitor changes in function. [8] These processes insert information from some magnitude: Topography of the injury: the parts of the body that are caught up,
               Type of injury: is the body stiff, loose or shows irregular motor control, To a great extent of the strategic organization
               of cerebral palsy is meant at preventing increasing secondary injury and disability. Follow-up at usual intervals is vital
               in the best possible supervision of a child with cerebral palsy. [9] The essential significance to the optimization of the functional outcome is the source of progress in new therapeutic wealth
               for use in arrangement with physical rehabilitation methods. Physiotherapy, use of orthotics, serial casting, electrical stimulation,
               and freshly, the intramuscular injection of botulinum toxin type are the largely widespread interventions. [10] There is no drug that might be able to create the neurons to regenerate; stem cell therapy might be a hopeful technique in
               the future. Citicoline as a neuroprotectant has been gradually more standard that may perform together in early and late stages
               of ischemic damage, ensuing in a surfeit of investigational. [11]

            Currently, in many countries, citicoline is approved for utilizing in stroke, head trauma, and other neurological disorders.
               Hence keeping the above points in mind the present research was intended to assess the effects of injection of citicoline
               in combination with physiotherapy versus physiotherapy alone, to advance the functional outcome in pediatric patients with
               cerebral palsy.
            

         

         
               Subjects and Methods 

            The present study was carried out at the Department of Pediatrics, Dr. M K Shah Medical College and Research Centre, Chandkheda,
               Ahmedabad from January 2019 to August 2019. The present randomized controlled trial was conducted in accordance with the ethical
               committee of the institute. The ethical clearance certificate was obtained before the start of the study. A total of 150 paediatric
               patients diagnosed with cerebral palsy were included in the research. The average age of the patient included in the study
               was found to be 36 months. All the patients enrolled in the study were referred to the paediatric neurological department.
               
            

            Paediatric patients with the etiology of prematurity and perinatal hypoxic-ischemic damage and absence of neurometabolic,
               neurodegenerative disorders, neuromuscular disorders and orthopaedic problems were included in the study. Patients with cerebral
               palsy due to other etiology factors were excluded from the study. All the parents were informed about the research and the
               written informed consent was signed by them. All the included patients were arbitrarily separated into two groups. Each group
               was comprised of 75 patients. History was recorded, age, gender, gestational age at delivery, type of cerebral palsy, type
               of delivery, electroencephalography change and gross motor function classification system (GMFCS) levels are the different
               variables were recorded in the study. In the first group which included 75 paediatric patients who were treated with physiotherapy
               only were designated as a control group. The study group comprised of 75 patients, all patients were treated with physiotherapy
               along with the injection of citicoline (10 mg/kg) for three months. GMFCS was assessed before and after the treatment. Collected
               data were subjected to statistical analysis with the help of SPSS software. T-test was used to compare the age between the
               groups. McNemar test was used to assess the GMFCS levels between the two groups.
            

         

         
               Results

            The mean age of the patient was found to be 36 ± 10 months. Out of the 150 total patients, 60% were boys and 40% were girls.
               The variable like age, gender, gestational age at delivery, type of cerebral palsy, type of delivery and EEG were reported
               in [Table 1].
            

            [Table 2] illustrates the results of GMFCS distribution between the study groups. The comparison was done before and after
               treatment. Before treatment, GMFCS level 1 was not observed in all patients, whereas after treatment 39 patients showed GMFCS
               level 1. Twenty-seven patients out of a total of 33 patients with GMFCS level 2 in the case group did improve to GMFCS level
               1 after treatment, nine of fifteen patients with GMFCS level 3 improved to higher function (six patients to GMFCS level 2
               and three patients to GMFCS level 1). Nine of twenty-one patients with GMFCS level 4 improved to other levels (three improved
               to GMFCS level 2 and three improved to GMFCS level 3). In the control group, nine out of twenty-seven patients with pre-treatment
               gross motor function level 2 improved to level 1. Nine out of thirty patients with GMFCS level 3 improved to levels, and six
               out of twelve patients with GMFCS level 4 improved to higher levels. In total, GMFCS level in 64% (42 patients) of cases was
               improved whereas in the control group 32% (24 patients) were improved. When the percentage of improvement was compared between
               the groups the difference in the study group was found to be statistically significant with P = 0.02.
            

            
                  
                  Table 1

                  
                     Characteristic 
                     Features in Different Groups
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Features

                           
                        
                        	
                              
                           
                            Control Group (75)

                           
                        
                        	
                              
                           
                            Case Group (75)

                           
                        
                        	
                              
                           
                            P Value

                           
                        
                     

                     
                           	
                              
                           
                            Age

                           
                        
                        	
                              
                           
                            36 ± 11 months

                           
                        
                        	
                              
                           
                            40 ± 10 months

                           
                        
                        	
                              
                           
                            0.13

                           
                        
                     

                     
                           	
                              
                           
                            Gender Boy Girl

                           
                        
                        	
                              
                           
                             43 32

                           
                        
                        	
                              
                           
                             47 28

                           
                        
                        	
                              
                           
                            0.17

                           
                        
                     

                     
                           	
                              
                           
                            Type of delivery Normal Cesarean

                           
                        
                        	
                              
                           
                             28 47

                           
                        
                        	
                              
                           
                             33 42

                           
                        
                        	
                              
                           
                            0.23

                           
                        
                     

                     
                           	
                              
                           
                            Type of cerebral palsy Spastic quadriplegia Spastic diplegia

                           
                        
                        	
                              
                           
                             37 38

                           
                        
                        	
                              
                           
                             40 35

                           
                        
                        	
                              
                           
                            0.19

                           
                        
                     

                     
                           	
                              
                           
                            Gestational age Term Preterm

                           
                        
                        	
                              
                           
                             43 32

                           
                        
                        	
                              
                           
                             39 36

                           
                        
                        	
                              
                           
                            0.43

                           
                        
                     

                     
                           	
                              
                           
                            EEG Normal Abnormal

                           
                        
                        	
                              
                           
                             15 60

                           
                        
                        	
                              
                           
                             10 65

                           
                        
                        	
                              
                           
                            0.32

                           
                        
                     

                  
               

            

            The level of significance is considered to be < 0.05.

            
                  
                  Table 2

                  
                     Comparison of GMFCS 
                     Levels between the Study Group and the Control Group
                     
                  

               

               
                     
                        
                           	
                              
                           
                            GMFCS

                           
                        
                        	
                              
                           
                            Before Treatment

                           
                        
                        	
                              
                           
                            After Treatment

                           
                        
                     

                     
                           	
                              
                           
                            GMFCS 1 Study group Control group

                           
                        
                        	
                              
                           
                             0 0

                           
                        
                        	
                              
                           
                             30 9

                           
                        
                     

                     
                           	
                              
                           
                            GMFCS 2 Study group Control group

                           
                        
                        	
                              
                           
                             33 27

                           
                        
                        	
                              
                           
                             18 27

                           
                        
                     

                     
                           	
                              
                           
                            GMFCS 3 Study group Control group

                           
                        
                        	
                              
                           
                             9 27

                           
                        
                        	
                              
                           
                             15 30

                           
                        
                     

                     
                           	
                              
                           
                            GMFCS 4 Study group Control group

                           
                        
                        	
                              
                           
                             12 6

                           
                        
                        	
                              
                           
                             21 12

                           
                        
                     

                     
                           	
                              
                           
                            GMFCS 5 Study group Control group

                           
                        
                        	
                              
                           
                             6 6

                           
                        
                        	
                              
                           
                             6 6

                           
                        
                     

                     
                           	
                              
                           
                            P-Value

                           
                        
                        	
                              
                           
                            0.06

                           
                        
                        	
                              
                           
                            0.34

                           
                        
                     

                  
               

            

            The level of significance is considered to be < 0.05.

         

         
               Discussion

            Cerebral palsy preteen’s substantial diagnostic and therapeutic challenges to the physician with the degree of participation
               ranging from mild with a minimal disability to severe connected with several co-morbid conditions. It is the most common reason
               for neurological disability in childhood after autism and mental retardation and as numerous as 70% of children with cerebral
               palsy survive into adult life. [12,13]

            Physical therapy is frequently the primary step in managing cerebral palsy. It can help get better motor skills and can avert
               association problems from getting poorer over time. Physical therapy equipment power and elasticity exercises, heat treatment,
               massages and special gear to give children with cerebral palsy more autonomy.[14,15] The degree to which physical therapy assists depends on the severity and form of every case of cerebral palsy. Children with
               milder cases of CP may simply need some physical therapy to treat their situation. [16] In more severe cases, it may be utilized next to other management or medications. Start physical therapy as early as possible
               typically provides children the greatest probability of progress. Citicoline is a narrative nutrient with a broad spectrum
               of profit for conditions connected with symptoms of neurological dysfunction. An endogenous compound, citicoline is a necessary
               intermediate in the synthesis of cell membrane phospholipids and its formation is the rate-limiting step in phosphatidylcholine
               synthesis.[17] 

            Findings of the present research demonstrated that the combination of citicoline with physiotherapy significantly improved
               gross motor performance as compared to physiotherapy alone in cerebral palsy. The best effect was seen in a patient with GMFCS
               level 2 and 3. However, no change in the effect was found on the GMFCS level, 5 patients. 
            

            Citicoline has numerous significant mechanisms of the act leading to a broad variety of advantageous effects on neurological
               function. Citicoline principally operates by escalating the synthesis of phosphatidylcholine, the chief neuronal membrane
               phospholipid, and enhancing the manufacture of acetylcholine. [18] Citicoline management appreciably increased the length and branch points of dendrites, rising on the whole surface area engaged
               by neurons, which directs to augmented effectiveness of sensory information processing. [19]

            Very little research has been published in this aspect of the study. Hence the result of the present study can be considered
               as a baseline for the extensive work in this field. A relatively larger sample size should be planned and more extensive results
               can be obtained. More research on its dosage and combination with other drugs should be planned in the future.
            

         

         
               Conclusion

            Citicoline is useful and secure in the management of gross motor function grouping with physiotherapy in patients with cerebral
               palsy. Physical therapy is frequently the primary movement in treating cerebral palsy. It can assist advanced motor skills
               and can avert movement problems from getting poorer over time. However, before coming to any conclusion more extensive research
               should be planned and carried out. However, before coming to any conclusion more extensive research should be planned and
               carried out.
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