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                    Abstract
Cerebral palsy (CP) is a chronic congenital disorder as the result of abnormal brain development. Children suffering from CP often battle debilitating chronic spasticity, which has been the focus of recent academic literature. In this systematic review, the authors aim to update the current neuromodulation procedures for the treatment of spasticity associated with CP in all age groups. A systematic review following was conducted using PubMed from inception to 2020. After initial title and abstract screening, 489 articles were identified, and 48 studies met the inclusion criteria for this review. In total, a majority of the published articles of treatments for CP were reporting the use of selective dorsal rhizotomy (SDR) (54%), and the remainder were of intrathecal baclofen (ITB) pumps (29%) and extracorporeal shockwave therapy (ESWT) (17%). Each method was found to have improvement of spasticity at a rate that achieved statistical significance. ITB pump therapy is an all-encompassing method of treating spasticity in children from CP, as it allows for a less invasive treatment that can be titrated to individual patient needs; however, its disadvantages include its long-term maintenance requirements. SDR appears to be an effective method for permanent spasticity relief in young patients. ESWT is a more recent and innovative technique for offering relief of spasticity while being minimally invasiveness. Further studies are needed to establish optimal frequencies and sites of application for ESWT.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Selective dorsal rhizotomy as an alternative to intrathecal baclofen pump replacement in GMFCS grades 4 and 5 children
                                        
                                    

                                    
                                        Article
                                        
                                         09 November 2015
                                    

                                

                                Harshal Ingale, Ismail Ughratdar, … Michael H Vloeberghs

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Baclofen pumps do not increase risk of complications following spinal fusion
                                        
                                    

                                    
                                        Article
                                        
                                         25 November 2023
                                    

                                

                                Kenneth H. Levy, Burt Yaszay, … HARMS Study Group

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Does Intrathecal Baclofen Therapy Increase Prevalence and/or Progression of Neuromuscular Scoliosis?
                                        
                                    

                                    
                                        Article
                                        
                                         01 November 2017
                                    

                                

                                Kevin R. Walker, Susan A. Novotny & Linda E. Krach

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Data availability

              
              All references and data included in this systematic review are provided in the tables of this manuscript.

            

References

	Ailon T, Beauchamp R, Miller S, Mortenson P, Kerr JM, Hengel AR, Steinbok P (2015) Long-term outcome after selective dorsal rhizotomy in children with spastic cerebral palsy. Childs Nerv Syst 31:415–423. https://doi.org/10.1007/s00381-015-2614-9
Article 
    PubMed 
    
                    Google Scholar 
                

	Albright AL (1996) Intrathecal baclofen in cerebral palsy movement disorders. J Child Neurol 11(Suppl 1):S29-35. https://doi.org/10.1177/0883073896011001s05
Article 
    PubMed 
    
                    Google Scholar 
                

	Alden TD, Lytle RA, Park TS, Noetzel MJ, Ojemann JG (2002) Intrathecal baclofen withdrawal: a case report and review of the literature. Childs Nerv Syst 18:522–525. https://doi.org/10.1007/s00381-002-0634-8
Article 
    PubMed 
    
                    Google Scholar 
                

	Amelio E, Manganotti P (2010) Effect of shock wave stimulation on hypertonic plantar flexor muscles in patients with cerebral palsy: a placebo-controlled study. J Rehabil Med 42:339–343. https://doi.org/10.2340/16501977-0522
Article 
    PubMed 
    
                    Google Scholar 
                

	Aquilina K, Graham D, Wimalasundera N (2015) Selective dorsal rhizotomy: an old treatment re-emerging. Arch Dis Child 100:798–802. https://doi.org/10.1136/archdischild-2014-306874
Article 
    PubMed 
    
                    Google Scholar 
                

	Armstrong RW, Steinbok P, Cochrane DD, Kube SD, Fife SE, Farrell K (1997) Intrathecally administered baclofen for treatment of children with spasticity of cerebral origin. J Neurosurg 87:409–414. https://doi.org/10.3171/jns.1997.87.3.0409
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Awaad Y, Rizk T, Siddiqui I, Roosen N, McIntosh K, Waines GM (2012) Complications of intrathecal baclofen pump: prevention and cure. ISRN Neurol 2012:575168. https://doi.org/10.5402/2012/575168
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Barolat-Romana G, Davis R (1980) Neurophysiological mechanisms in abnormal reflex activities in cerebral palsy and spinal spasticity. J Neurol Neurosurg Psychiatry 43:333–342. https://doi.org/10.1136/jnnp.43.4.333
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Bleyenheuft C, Filipetti P, Caldas C, Lejeune T (2007) Experience with external pump trial prior to implantation for intrathecal baclofen in ambulatory patients with spastic cerebral palsy. Neurophysiol Clin 37:23–28. https://doi.org/10.1016/j.neucli.2007.01.004
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bolster EA, van Schie PE, Becher JG, van Ouwerkerk WJ, Strijers RL, Vermeulen RJ (2013) Long-term effect of selective dorsal rhizotomy on gross motor function in ambulant children with spastic bilateral cerebral palsy, compared with reference centiles. Dev Med Child Neurol 55:610–616. https://doi.org/10.1111/dmcn.12148
Article 
    PubMed 
    
                    Google Scholar 
                

	Brochard S, Remy-Neris O, Filipetti P, Bussel B (2009) Intrathecal baclofen infusion for ambulant children with cerebral palsy. Pediatr Neurol 40:265–270. https://doi.org/10.1016/j.pediatrneurol.2008.10.020
Article 
    PubMed 
    
                    Google Scholar 
                

	Buckon CE, Thomas SS, Harris GE, Piatt JH Jr, Aiona MD, Sussman MD (2002) Objective measurement of muscle strength in children with spastic diplegia after selective dorsal rhizotomy. Arch Phys Med Rehabil 83:454–460. https://doi.org/10.1053/apmr.2002.31202
Article 
    PubMed 
    
                    Google Scholar 
                

	Campbell WM, Ferrel A, McLaughlin JF, Grant GA, Loeser JD, Graubert C, Bjornson K (2002) Long-term safety and efficacy of continuous intrathecal baclofen. Dev Med Child Neurol 44:660–665. https://doi.org/10.1017/S0012162201002729
Article 
    PubMed 
    
                    Google Scholar 
                

	Carraro E, Zeme S, Ticcinelli V, Massaroni C, Santin M, Peretta P, Martinuzzi A, Trevisi E (2014) Multidimensional outcome measure of selective dorsal rhizotomy in spastic cerebral palsy. Eur J Paediatr Neurol 18:704–713. https://doi.org/10.1016/j.ejpn.2014.06.003
Article 
    PubMed 
    
                    Google Scholar 
                

	Chae M, Hong S, Jung NY, Chang WS, Cho SR (2019) Outcomes of Intrathecal baclofen therapy compared with deep brain stimulation in a patient with dystonic cerebral palsy: a case report. Ann Rehabil Med 43:335–340. https://doi.org/10.5535/arm.2019.43.3.335
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chan DY, Chan SS, Chan EK, Ng AY, Ying AC, Li AC, Chiu CC, Cheung N, Mak WK, Sun DT, Zhu CX, Poon WS (2018) Blessing or burden? Long-term maintenance, complications and clinical outcome of intrathecal baclofen pumps. Surg Pract 22:105–110. https://doi.org/10.1111/1744-1633.12308
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Christy JB, Chapman CG, Murphy P (2012) The effect of intense physical therapy for children with cerebral palsy. J Pediatr Rehabil Med 5:159–170. https://doi.org/10.3233/prm-2012-0208
Article 
    PubMed 
    
                    Google Scholar 
                

	Coffey RJ, Edgar TS, Francisco GE, Graziani V, Meythaler JM, Ridgely PM, Sadiq SA, Turner MS (2002) Abrupt withdrawal from intrathecal baclofen: recognition and management of a potentially life-threatening syndrome. Arch Phys Med Rehabil 83:735–741. https://doi.org/10.1053/apmr.2002.32820
Article 
    PubMed 
    
                    Google Scholar 
                

	Cole GF, Farmer SE, Roberts A, Stewart C, Patrick JH (2007) Selective dorsal rhizotomy for children with cerebral palsy: the Oswestry experience. Arch Dis Child 92:781–785. https://doi.org/10.1136/adc.2006.111559
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	D’Aquino D, Moussa AA, Ammar A, Ingale H, Vloeberghs M (2018) Selective dorsal rhizotomy for the treatment of severe spastic cerebral palsy: efficacy and therapeutic durability in GMFCS grade IV and V children. Acta Neurochir (Wien) 160:811–821. https://doi.org/10.1007/s00701-017-3349-z
Article 
    
                    Google Scholar 
                

	de Lissovoy G, Matza LS, Green H, Werner M, Edgar T (2007) Cost-effectiveness of intrathecal baclofen therapy for the treatment of severe spasticity associated with cerebral palsy. J Child Neurol 22:49–59. https://doi.org/10.1177/0883073807299976
Article 
    PubMed 
    
                    Google Scholar 
                

	Dudley RW, Parolin M, Gagnon B, Saluja R, Yap R, Montpetit K, Ruck J, Poulin C, Cantin MA, Benaroch TE, Farmer JP (2013) Long-term functional benefits of selective dorsal rhizotomy for spastic cerebral palsy. J Neurosurg Pediatr 12:142–150. https://doi.org/10.3171/2013.4.Peds12539
Article 
    PubMed 
    
                    Google Scholar 
                

	El-Shamy SM, Eid MA, El-Banna MF (2014) Effect of extracorporeal shock wave therapy on gait pattern in hemiplegic cerebral palsy: a randomized controlled trial. Am J Phys Med Rehabil 93:1065–1072. https://doi.org/10.1097/phm.0000000000000133
Article 
    PubMed 
    
                    Google Scholar 
                

	Engsberg JR, Ross SA, Collins DR, Park TS (2006) Effect of selective dorsal rhizotomy in the treatment of children with cerebral palsy. J Neurosurg 105:8–15. https://doi.org/10.3171/ped.2006.105.1.8
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Engsberg JR, Ross SA, Park TS (1999) Changes in ankle spasticity and strength following selective dorsal rhizotomy and physical therapy for spastic cerebral palsy. J Neurosurg 91:727–732. https://doi.org/10.3171/jns.1999.91.5.0727
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Farmer JP, Sabbagh AJ (2007) Selective dorsal rhizotomies in the treatment of spasticity related to cerebral palsy. Childs Nerv Syst 23:991–1002. https://doi.org/10.1007/s00381-007-0398-2
Article 
    PubMed 
    
                    Google Scholar 
                

	Franki I, Desloovere K, De Cat J, Feys H, Molenaers G, Calders P, Vanderstraeten G, Himpens E, Van Broeck C (2012) The evidence-base for basic physical therapy techniques targeting lower limb function in children with cerebral palsy: a systematic review using the International Classification of Functioning, Disability and Health as a conceptual framework. J Rehabil Med 44:385–395. https://doi.org/10.2340/16501977-0983
Article 
    PubMed 
    
                    Google Scholar 
                

	Funk JF, Panthen A, Bakir MS, Gruschke F, Sarpong A, Wagner C, Lebek S, Haberl EJ (2015) Predictors for the benefit of selective dorsal rhizotomy. Res Dev Disabil 37:127–134. https://doi.org/10.1016/j.ridd.2014.11.012
Article 
    PubMed 
    
                    Google Scholar 
                

	Gigante P, McDowell MM, Bruce SS, Chirelstein G, Chiriboga CA, Dutkowsky J, Fontana E, Hyman J, Kim H, Morgan D, Pearson TS, Roye BD, Roye DP Jr, Ryan P, Vitale M, Anderson RC (2013) Reduction in upper-extremity tone after lumbar selective dorsal rhizotomy in children with spastic cerebral palsy. J Neurosurg Pediatr 12:588–594. https://doi.org/10.3171/2013.9.Peds12591
Article 
    PubMed 
    
                    Google Scholar 
                

	Gilmartin R, Bruce D, Storrs BB, Abbott R, Krach L, Ward J, Bloom K, Brooks WH, Johnson DL, Madsen JR, McLaughlin JF, Nadell J (2000) Intrathecal baclofen for management of spastic cerebral palsy: multicenter trial. J Child Neurol 15:71–77. https://doi.org/10.1177/088307380001500201
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gonkova MI, Ilieva EM, Ferriero G, Chavdarov I (2013) Effect of radial shock wave therapy on muscle spasticity in children with cerebral palsy. Int J Rehabil Res 36:284–290. https://doi.org/10.1097/mrr.0b013e328360e51d
Article 
    PubMed 
    
                    Google Scholar 
                

	Hareb F, Bertoncelli CM, Rosello O, Rampal V, Solla F (2020) Botulinum toxin in children with cerebral palsy: an update. Neuropediatrics 51:1–5. https://doi.org/10.1055/s-0039-1694988
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Himmelmann K, Hagberg G, Beckung E, Hagberg B, Uvebrant P (2005) The changing panorama of cerebral palsy in Sweden. IX. Prevalence and origin in the birth-year period 1995–1998. Acta Paediatr 94:287–294. https://doi.org/10.1111/j.1651-2227.2005.tb03071.x
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hoving MA, van Raak EP, Spincemaille GH, Palmans LJ, Becher JG, Vles JS (2009) Efficacy of intrathecal baclofen therapy in children with intractable spastic cerebral palsy: a randomised controlled trial. Eur J Paediatr Neurol 13:240–246. https://doi.org/10.1016/j.ejpn.2008.04.013
Article 
    PubMed 
    
                    Google Scholar 
                

	Hoving MA, van Raak EP, Spincemaille GH, van Kranen-Mastenbroek VH, van Kleef M, Gorter JW, Vles JS (2009) Safety and one-year efficacy of intrathecal baclofen therapy in children with intractable spastic cerebral palsy. Eur J Paediatr Neurol 13:247–256. https://doi.org/10.1016/j.ejpn.2008.05.002
Article 
    PubMed 
    
                    Google Scholar 
                

	Ingale H, Ughratdar I, Muquit S, Moussa AA, Vloeberghs MH (2016) Selective dorsal rhizotomy as an alternative to intrathecal baclofen pump replacement in GMFCS grades 4 and 5 children. Childs Nerv Syst 32:321–325. https://doi.org/10.1007/s00381-015-2950-9
Article 
    PubMed 
    
                    Google Scholar 
                

	Josenby AL, Wagner P, Jarnlo GB, Westbom L, Nordmark E (2012) Motor function after selective dorsal rhizotomy: a 10-year practice-based follow-up study. Dev Med Child Neurol 54:429–435. https://doi.org/10.1111/j.1469-8749.2012.04258.x
Article 
    PubMed 
    
                    Google Scholar 
                

	Kim AR, Chang JW, Chang WS, Park ES, Cho SR (2014) Two-year outcomes of deep brain stimulation in adults with cerebral palsy. Ann Rehabil Med 38:209–217. https://doi.org/10.5535/arm.2014.38.2.209
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kim HJ, Park JW, Nam K (2019) Effect of extracorporeal shockwave therapy on muscle spasticity in patients with cerebral palsy: meta-analysis and systematic review. Eur J Phys Rehabil Med 55:761–771. https://doi.org/10.23736/s1973-9087.19.05888-x
Article 
    PubMed 
    
                    Google Scholar 
                

	Krach LE, Kriel RL, Gilmartin RC, Swift DM, Storrs BB, Abbott R, Ward JD, Bloom KK, Brooks WH, Madsen JR, McLaughlin JF, Nadell JM (2004) Hip status in cerebral palsy after one year of continuous intrathecal baclofen infusion. Pediatr Neurol 30:163–168. https://doi.org/10.1016/j.pediatrneurol.2003.08.006
Article 
    PubMed 
    
                    Google Scholar 
                

	Krach LE, Kriel RL, Gilmartin RC, Swift DM, Storrs BB, Abbott R, Ward JD, Bloom KK, Brooks WH, Madsen JR, McLaughlin JF, Nadell JM (2005) GMFM 1 year after continuous intrathecal baclofen infusion. Pediatr Rehabil 8:207–213. https://doi.org/10.1080/13638490400021479
Article 
    PubMed 
    
                    Google Scholar 
                

	Kraus T, Gegenleitner K, Svehlik M, Novak M, Steinwender G, Singer G (2017) Long-term therapy with intrathecal baclofen improves quality of life in children with severe spastic cerebral palsy. Eur J Paediatr Neurol 21:565–569. https://doi.org/10.1016/j.ejpn.2017.01.016
Article 
    PubMed 
    
                    Google Scholar 
                

	Langerak NG, Lamberts RP, Fieggen AG, Peter JC, Peacock WJ, Vaughan CL (2009) Functional status of patients with cerebral palsy according to the International Classification of Functioning, Disability and Health model: a 20-year follow-up study after selective dorsal rhizotomy. Arch Phys Med Rehabil 90:994–1003. https://doi.org/10.1016/j.apmr.2008.11.019
Article 
    PubMed 
    
                    Google Scholar 
                

	Lin Y, Wang G, Wang B (2018) Rehabilitation treatment of spastic cerebral palsy with radial extracorporeal shock wave therapy and rehabilitation therapy. Medicine (Baltimore) 97:e13828. https://doi.org/10.1097/md.0000000000013828
Article 
    
                    Google Scholar 
                

	Lumbosacral dorsal rhizotomy for spastic cerebral palsy (2017) a health technology assessment. Ont Health Technol Assess Ser 17:1–186

                    Google Scholar 
                

	Lumsden DE, Ashmore J, Ball G, Charles-Edwards G, Selway R, Ashkan K, Lin JP (2016) Fractional anisotropy in children with dystonia or spasticity correlates with the selection for DBS or ITB movement disorder surgery. Neuroradiology 58:401–408. https://doi.org/10.1007/s00234-015-1639-9
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	McIntyre S, Morgan C, Walker K, Novak I (2011) Cerebral palsy–don’t delay. Dev Disabil Res Rev 17:114–129. https://doi.org/10.1002/ddrr.1106
Article 
    PubMed 
    
                    Google Scholar 
                

	McLaughlin JF, Bjornson KF, Astley SJ, Graubert C, Hays RM, Roberts TS, Price R, Temkin N (1998) Selective dorsal rhizotomy: efficacy and safety in an investigator-masked randomized clinical trial. Dev Med Child Neurol 40:220–232. https://doi.org/10.1111/j.1469-8749.1998.tb15454.x
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	McLaughlin JF, Bjornson KF, Astley SJ, Hays RM, Heffinger SA, Armantrout EA, Roberts TS (1994) The role of selective dorsal rhizotomy in cérébral palsy: critical evaluation of a prospective clinical series. Dev Med Child Neurol 36:755–769. https://doi.org/10.1111/j.1469-8749.1994.tb08187.x
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Meholjić-Fetahović A (2007) Treatment of the spasticity in children with cerebral palsy. Bosn J Basic Med Sci 7:363–367. https://doi.org/10.17305/bjbms.2007.3028
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mirea A, Onose G, Padure L, Rosulescu E (2014) Extracorporeal shockwave therapy (ESWT) benefits in spastic children with cerebral palsy (CP). J Med Life 7 Spec No. 3:127–132

	Morota N, Ihara S, Ogiwara H (2015) Neurosurgical management of childhood spasticity: functional posterior rhizotomy and intrathecal baclofen infusion therapy. Neurol Med Chir (Tokyo) 55:624–639. https://doi.org/10.2176/nmc.ra.2014-0445
Article 
    PubMed Central 
    
                    Google Scholar 
                

	Morton RE, Gray N, Vloeberghs M (2011) Controlled study of the effects of continuous intrathecal baclofen infusion in non-ambulant children with cerebral palsy. Dev Med Child Neurol 53:736–741. https://doi.org/10.1111/j.1469-8749.2011.04009.x
Article 
    PubMed 
    
                    Google Scholar 
                

	Motta F, Antonello CE (2014) Analysis of complications in 430 consecutive pediatric patients treated with intrathecal baclofen therapy: 14-year experience. J Neurosurg: Pediatr PED 13:301. https://doi.org/10.3171/2013.11.Peds13253
Article 
    
                    Google Scholar 
                

	Multani I, Manji J, Hastings-Ison T, Khot A, Graham K (2019) Botulinum toxin in the management of children with cerebral palsy. Paediatr Drugs 21:261–281. https://doi.org/10.1007/s40272-019-00344-8
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Munger ME, Aldahondo N, Krach LE, Novacheck TF, Schwartz MH (2017) Long-term outcomes after selective dorsal rhizotomy: a retrospective matched cohort study. Dev Med Child Neurol 59:1196–1203. https://doi.org/10.1111/dmcn.13500
Article 
    PubMed 
    
                    Google Scholar 
                

	Narendran RC, Duarte RV, Valyi A, Eldabe S (2015) The need for and provision of intrathecal baclofen therapy for the management of spasticity in England: an assessment of the Hospital Episode Statistics database. BMJ Open 5:e007517. https://doi.org/10.1136/bmjopen-2014-007517
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Nordmark E, Josenby AL, Lagergren J, Andersson G, Strömblad LG, Westbom L (2008) Long-term outcomes five years after selective dorsal rhizotomy. BMC Pediatr 8:54. https://doi.org/10.1186/1471-2431-8-54
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	O’Shea TM (2008) Diagnosis, treatment, and prevention of cerebral palsy. Clin Obstet Gynecol 51:816–828. https://doi.org/10.1097/GRF.0b013e3181870ba7
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Oh JH, Park HD, Han SH, Shim GY, Choi KY (2019) Duration of treatment effect of extracorporeal shock wave on spasticity and subgroup-analysis according to number of shocks and application site: a meta-analysis. Ann Rehabil Med 43:163–177. https://doi.org/10.5535/arm.2019.43.2.163
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Oki A, Oberg W, Siebert B, Plante D, Walker ML, Gooch JL (2010) Selective dorsal rhizotomy in children with spastic hemiparesis. J Neurosurg: Pediatr PED 6:353. https://doi.org/10.3171/2010.7.Peds09318
Article 
    
                    Google Scholar 
                

	Park DS, Kwon DR, Park GY, Lee MY (2015) Therapeutic effect of extracorporeal shock wave therapy according to treatment session on gastrocnemius muscle spasticity in children with spastic cerebral palsy: a pilot study. Ann Rehabil Med 39:914–921. https://doi.org/10.5535/arm.2015.39.6.914
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Park HS, Park ES, Chang JW, Lee KS, Suh YJ, Cho SR (2011) Combined therapy of orthopedic surgery after deep brain stimulation in cerebral palsy mixed type - a case report. Ann Rehabil Med 35:742–746. https://doi.org/10.5535/arm.2011.35.5.742
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Park TS, Dobbs MB, Cho J (2018) Evidence supporting selective dorsal rhizotomy for treatment of spastic cerebral palsy. Cureus 10:e3466. https://doi.org/10.7759/cureus.3466
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Park TS, Liu JL, Edwards C, Walter DM, Dobbs MB (2017) Functional outcomes of childhood selective dorsal rhizotomy 20 to 28 years later. Cureus 9:e1256. https://doi.org/10.7759/cureus.1256
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Patterson V, Watt M, Byrnes D, Crowe D, Lee A (1994) Management of severe spasticity with intrathecal baclofen delivered by a manually operated pump. J Neurol Neurosurg Psychiatry 57:582–585. https://doi.org/10.1136/jnnp.57.5.582
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Paulson A, Vargus-Adams J (2017) Overview of four functional classification systems commonly used in cerebral palsy. Children (Basel) 4. https://doi.org/10.3390/children4040030

	Picelli A, La Marchina E, Gajofatto F, Pontillo A, Vangelista A, Filippini R, Baricich A, Cisari C, Smania N (2017) Sonographic and clinical effects of botulinum toxin Type A combined with extracorporeal shock wave therapy on spastic muscles of children with cerebral palsy. Dev Neurorehabil 20:160–164. https://doi.org/10.3109/17518423.2015.1105320
Article 
    PubMed 
    
                    Google Scholar 
                

	Postnatal causes of developmental disabilities in children aged 3–10 years--Atlanta, Georgia, 1991 (1996). MMWR Morb Mortal Wkly Rep 45:130–134

	Reilly M, Liuzzo K, Blackmer AB (2020) Pharmacological management of spasticity in children with cerebral palsy. J Pediatr Health Care 34:495–509. https://doi.org/10.1016/j.pedhc.2020.04.010
Article 
    PubMed 
    
                    Google Scholar 
                

	Reynolds MR, Ray WZ, Strom RG, Blackburn SL, Lee A, Park TS (2011) Clinical outcomes after selective dorsal rhizotomy in an adult population. World Neurosurg 75:138–144. https://doi.org/10.1016/j.wneu.2010.09.010
Article 
    PubMed 
    
                    Google Scholar 
                

	Roberts A (2013) Surgical management of spasticity. J Child Orthop 7:389–394. https://doi.org/10.1007/s11832-013-0512-9
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ross JC, Cook AM, Stewart GL, Fahy BG (2011) Acute intrathecal baclofen withdrawal: a brief review of treatment options. Neurocrit Care 14:103–108. https://doi.org/10.1007/s12028-010-9422-6
Article 
    PubMed 
    
                    Google Scholar 
                

	Russell DJ, Avery LM, Rosenbaum PL, Raina PS, Walter SD, Palisano RJ (2000) Improved scaling of the gross motor function measure for children with cerebral palsy: evidence of reliability and validity. Phys Ther 80:873–885
Article 
    CAS 
    
                    Google Scholar 
                

	Sakzewski L, Ziviani J, Boyd RN (2014) Efficacy of upper limb therapies for unilateral cerebral palsy: a meta-analysis. Pediatrics 133:e175-204. https://doi.org/10.1542/peds.2013-0675
Article 
    PubMed 
    
                    Google Scholar 
                

	Salazar AP, Pagnussat AS, Pereira GA, Scopel G, Lukrafka JL (2019) Neuromuscular electrical stimulation to improve gross motor function in children with cerebral palsy: a meta-analysis. Braz J Phys Ther 23:378–386. https://doi.org/10.1016/j.bjpt.2019.01.006
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	SANDLER AD, (2003) Long-term safety and efficacy of continuous intrathecal baclofen. J Dev Behav Pediatr 24:133–134
Article 
    
                    Google Scholar 
                

	Saulino M, Ivanhoe CB, McGuire JR, Ridley B, Shilt JS, Boster AL (2016) Best practices for intrathecal baclofen therapy: patient selection. Neuromodulation 19:607–615. https://doi.org/10.1111/ner.12447
Article 
    PubMed 
    
                    Google Scholar 
                

	Senaran H, Shah SA, Presedo A, Dabney KW, Glutting JW, Miller F (2007) The risk of progression of scoliosis in cerebral palsy patients after intrathecal baclofen therapy. Spine (Phila Pa 1976) 32:2348–2354. https://doi.org/10.1097/BRS.0b013e3181557252

	Sitthinamsuwan B, Khumsawat P, Phonwijit L, Nunta-Aree S, Nitising A, Suksompong S (2017) The therapeutic effects of ablative neurosurgical procedures on the spinal cord for intractable spinal spasticity. Spinal Cord Ser Cases 3:17033. https://doi.org/10.1038/scsandc.2017.33
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sohn MK, Cho KH, Kim YJ, Hwang SL (2011) Spasticity and electrophysiologic changes after extracorporeal shock wave therapy on gastrocnemius. Ann Rehabil Med 35:599–604. https://doi.org/10.5535/arm.2011.35.5.599
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Steinbok P, Reiner AM, Beauchamp R, Armstrong RW, Cochrane DD, Kestle J (1997) A randomized clinical trial to compare selective posterior rhizotomy plus physiotherapy with physiotherapy alone in children with spastic diplegic cerebral palsy. Dev Med Child Neurol 39:178–184. https://doi.org/10.1111/j.1469-8749.1997.tb07407.x
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Stetkarova I, Brabec K, Vasko P, Mencl L (2015) Intrathecal baclofen in spinal spasticity: frequency and severity of withdrawal syndrome. Pain Physician 18:E633-641
Article 
    
                    Google Scholar 
                

	Summers J, Coker B, Eddy S, Elstad M, Bunce C, Bourmpaki E, Pennington M, Aquilina K, Cawker S, Edwards R, Goodden J, Hawes S, McCune K, Pettorini B, Smith J, Sneade C, Vloeberghs M, Patrick H, Powell H, Verity C, Peacock JL (2019) Selective dorsal rhizotomy in ambulant children with cerebral palsy: an observational cohort study. Lancet Child Adolesc Health 3:455–462. https://doi.org/10.1016/S2352-4642(19)30119-1
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Tassëel Ponche S, Ferrapie AL, Chenet A, Menei P, Gambart G, Ménégalli Bogeli D, Perrouin Verbe B, Gay S, Richard I (2010) Intrathecal baclofen in cerebral palsy. A retrospective study of 25 wheelchair-assisted adults. Ann Phys Rehabil Med 53:483–498. https://doi.org/10.1016/j.rehab.2010.07.007
Article 
    PubMed 
    
                    Google Scholar 
                

	Tedroff K, Hägglund G, Miller F (2020) Long-term effects of selective dorsal rhizotomy in children with cerebral palsy: a systematic review. Dev Med Child Neurol 62:554–562. https://doi.org/10.1111/dmcn.14320
Article 
    PubMed 
    
                    Google Scholar 
                

	Tedroff K, Löwing K, Åström E (2015) A prospective cohort study investigating gross motor function, pain, and health-related quality of life 17 years after selective dorsal rhizotomy in cerebral palsy. Dev Med Child Neurol 57:484–490. https://doi.org/10.1111/dmcn.12665
Article 
    PubMed 
    
                    Google Scholar 
                

	Thomas SS, Aiona MD, Pierce R, Piatt JH 2nd (1996) Gait changes in children with spastic diplegia after selective dorsal rhizotomy. J Pediatr Orthop 16:747–752. https://doi.org/10.1097/00004694-199611000-00009
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Trost JP, Schwartz MH, Krach LE, Dunn ME, Novacheck TF (2008) Comprehensive short-term outcome assessment of selective dorsal rhizotomy. Dev Med Child Neurol 50:765–771. https://doi.org/10.1111/j.1469-8749.2008.03031.x
Article 
    PubMed 
    
                    Google Scholar 
                

	van Karnebeek C, Horvath G, Murphy T, Purtzki J, Bowden K, Sirrs S, Honey CR, Stockler S (2015) Deep brain stimulation and dantrolene for secondary dystonia in x-linked adrenoleukodystrophy. JIMD Rep 15:113–116. https://doi.org/10.1007/8904_2014_305
Article 
    PubMed 
    
                    Google Scholar 
                

	van Schie PE, Schothorst M, Dallmeijer AJ, Vermeulen RJ, van Ouwerkerk WJ, Strijers RL, Becher JG (2011) Short- and long-term effects of selective dorsal rhizotomy on gross motor function in ambulatory children with spastic diplegia. J Neurosurg Pediatr 7:557–562. https://doi.org/10.3171/2011.2.Peds10452
Article 
    PubMed 
    
                    Google Scholar 
                

	van Schie PE, Vermeulen RJ, van Ouwerkerk WJ, Kwakkel G, Becher JG (2005) Selective dorsal rhizotomy in cerebral palsy to improve functional abilities: evaluation of criteria for selection. Childs Nerv Syst 21:451–457. https://doi.org/10.1007/s00381-004-1105-1
Article 
    PubMed 
    
                    Google Scholar 
                

	Velnar T, Spazzapan P, Rodi Z, Kos N, Bosnjak R (2019) Selective dorsal rhizotomy in cerebral palsy spasticity - a newly established operative technique in Slovenia: a case report and review of literature. World J Clin Cases 7:1133–1141. https://doi.org/10.12998/wjcc.v7.i10.1133
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Vidal X, Morral A, Costa L, Tur M (2011) Radial extracorporeal shock wave therapy (rESWT) in the treatment of spasticity in cerebral palsy: a randomized, placebo-controlled clinical trial. NeuroRehabilitation 29:413–419. https://doi.org/10.3233/nre-2011-0720
Article 
    PubMed 
    
                    Google Scholar 
                

	Vloeberghs M, Keetley R, Morton R (2005) Intrathecal baclofen in the management of spasticity due to cerebral palsy. Pediatr Rehabil 8:172–179. https://doi.org/10.1080/13638490400011165
Article 
    PubMed 
    
                    Google Scholar 
                

	Vyawahare B, Hallas N, Brookes M, Taylor RS, Eldabe S (2014) Impact of the National Institute for Health and Care Excellence (NICE) guidance on medical technology uptake: analysis of the uptake of spinal cord stimulation in England 2008–2012. BMJ Open 4:e004182. https://doi.org/10.1136/bmjopen-2013-004182
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wang T, Du L, Shan L, Dong H, Feng J, Kiessling MC, Angstman NB, Schmitz C, Jia F (2016) A prospective case-control study of radial extracorporeal shock wave therapy for spastic plantar flexor muscles in very young children with cerebral palsy. Medicine (Baltimore) 95:e3649. https://doi.org/10.1097/md.0000000000003649
Article 
    
                    Google Scholar 
                

	Wright FV, Sheil EM, Drake JM, Wedge JH, Naumann S (1998) Evaluation of selective dorsal rhizotomy for the reduction of spasticity in cerebral palsy: a randomized controlled tria. Dev Med Child Neurol 40:239–247. https://doi.org/10.1111/j.1469-8749.1998.tb15456.x
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yana M, Tutuola F, Westwater-Wood S, Kavlak E (2019) The efficacy of botulinum toxin A lower limb injections in addition to physiotherapy approaches in children with cerebral palsy: a systematic review. NeuroRehabilitation 44:175–189. https://doi.org/10.3233/nre-182581
Article 
    PubMed 
    
                    Google Scholar 
                

	Yoon YK, Lee KC, Cho HE, Chae M, Chang JW, Chang WS, Cho SR (2017) Outcomes of intrathecal baclofen therapy in patients with cerebral palsy and acquired brain injury. Medicine (Baltimore) 96:e7472. https://doi.org/10.1097/md.0000000000007472
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Neurosurgery, Rutgers New Jersey Medical School, Newark, NJ, USA
Amogh Kudva, Justin Gold, Yehuda Herschman & Antonios Mammis

	Department of Neurosurgery, University of California, La Jolla, San Diego, CA, USA
Mickey E. Abraham

	Mercer University School of Medicine, Savannah, GA, USA
Neal A. Patel

	Department of Biomedical Engineering, Johns Hopkins Whiting School of Engineering, 3400 North Charles Street, Baltimore, MD, USA
Julian L. Gendreau


Authors	Amogh KudvaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mickey E. AbrahamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Justin GoldView author publications
You can also search for this author in
                        PubMed Google Scholar



	Neal A. PatelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Julian L. GendreauView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yehuda HerschmanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antonios MammisView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
Amogh Kudva was involved with the initial database search, data extraction, and initial manuscript preparation; Mickey E. Abraham provided initial conceptualization of the project and manuscript editing; Justin Gold was involved with the initial database search, data extraction, and manuscript editing; Neal Patel was involved with critical review of the manuscript and manuscript editing; Julian L. Gendreau was involved with critical review of the manuscript, correspondence for manuscript submission, and revisions; Yehuda Herschman provided critical review of the manuscript; Antonios Mammis provided key supervision for the project.
Corresponding author
Correspondence to
                Julian L. Gendreau.


Ethics declarations

              
              
                Ethics approval and consent to participate

                This study did not require ethical approval as it did not use human or animal subjects.

                This study did not require consent, as it did not involve human subjects.

              
              
                Consent for publication

                This study did not require publication consent, as it did not involve human subjects.

              
              
                Conflict of interest

                The authors declare no competing interests.

              
            

Additional information
Publisher's note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kudva, A., Abraham, M.E., Gold, J. et al. Intrathecal baclofen, selective dorsal rhizotomy, and extracorporeal shockwave therapy for the treatment of spasticity in cerebral palsy: a systematic review.
                    Neurosurg Rev 44, 3209–3228 (2021). https://doi.org/10.1007/s10143-021-01550-0
Download citation
	Received: 28 December 2020

	Revised: 03 April 2021

	Accepted: 12 April 2021

	Published: 19 April 2021

	Issue Date: December 2021

	DOI: https://doi.org/10.1007/s10143-021-01550-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Cerebral palsy
	Intrathecal baclofen
	Neuromodulation
	Rhizotomy
	Shockwave therapy
	Spasticity








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.236.104.145
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    