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       ORIGINAL ARTICLE High-frequency repetitive transcranial magnetic stimulation and intermittent theta-burst stimulation for spasticity management in secondary progressive multiple sclerosis J. Korzhova , I. Bakulin, D. Sinitsyn, A. Poydasheva , N. Suponeva, M. Zakharova and M. Piradov Research Center of Neurology (RCN), Moscow, Russia EUROPEAN JOURNAL OF NEUROLOGY Keywords: Background and purpose: The spasticity phenomenon is a signiﬁcant factor in multiple sclerosis, the development of disability. Repetitive transcranial magnetic stimulation neuronavigation, (rTMS) is a promising treatment method for this disorder. Our aim was to spasticity, transcranial compare the eﬀects of two protocols of rTMS – the high-frequency (HF) magnetic stimulation, rTMS (20 Hz) and the intermittent theta-burst stimulation (iTBS) – on the treatment level of spasticity and concomitant symptoms in patients with secondary pro- gressive multiple sclerosis with an analysis of the duration of the eﬀects up to Received 29 July 2018 12 weeks after the stimulation course. Accepted 19 November 2018 Methods: Thirty-four patients with secondary progressive multiple sclerosis and lower spastic paraparesis were randomized into three groups: (i) HF- European Journal of rTMS (20 Hz); (ii) iTBS; (iii) sham stimulation. Spasticity and spasticity-asso- Neurology 2019, 26: 680–686, e44 ciated symptoms were assessed by the Modiﬁed Ashworth Scale, the Subjective Evaluating Spasticity Scale (SESS), the numerical analog scale, the Modiﬁed doi:10.1111/ene.13877 Fatigue Impact Scale and the pain level scale. Results: The Modiﬁed Ashworth Scale was signiﬁcantly reduced after the stimulation course in the HF-rTMS and iTBS groups. The SESS was reduced post-intervention and at the two follow-ups in the iTBS group, whilst HF- rTMS produced an SESS reduction only at the 2-week follow-up, with no eﬀects in the sham group. Conversely, reduction in pain and fatigue was found in the HF-rTMS group. Conclusions: The results show that HF-rTMS and iTBS signiﬁcantly reduce spasticity measured by the Modiﬁed Ashworth Scale, in contrast to sham stim- ulation. Some evidence was found in favor of a longer-lasting eﬀect of iTBS on the SESS and of a reduction in pain and fatigue after HF-rTMS. Moreover, in 85% of patients with severe spasticity, this Introduction phenomenon signiﬁcantly reduces the quality of life [2]. Spasticity is a part of the upper motor neuron syndrome Although there are a large number of pharmacolog- and is characterized by increased muscle tone and ten- ical and non-pharmacological methods of spasticity don hyperreﬂexia [1]. Its prevalence is reported to be management, the problem is still challenging [3–7]. In around 50%–70% in patients with multiple sclerosis this regard, the development of new methods of treat- (MS) and about 90% in patients with secondary progres- ment of spasticity has great practical importance. sive MS (SPMS) [1]. The development of spasticity is Repetitive transcranial magnetic stimulation (rTMS) often accompanied by painful muscle spasms and is a non-invasive neuromodulation technique, the chronic fatigue; it limits the mobility of patients. eﬀectiveness of which has been actively studied in var- ious diseases of the nervous system. Despite a large number of potential mechanisms of action, rTMS is Correspondence: J. Korzhova, Research Center of Neurology seen as a method that inﬂuences neuroplasticity pro- (RCN), 80 Volokolamskoe Road, Moscow, Russia (tel.: +79687395966; fax: +7(495)-490-22-10; e-mail: cesses and is capable of causing phenomena similar to korzhovajulia@gmail.com). long-term potentiation and depression [8]. The 680 © 2018 EAN NAVIGATED RTMS FOR SPASTICITY MANAGEMENT 681 consequence of this is a modiﬁcation (increase or electroencephalogram, and treatment with diﬀerent decrease) of the activity of the stimulated brain medicines. This is why, for safety reasons, patients region, which can persist for hours or days after stim- with alcohol abuse or substance misuse in history and ulation. The duration of this eﬀect is determined by epileptiform discharges in the electroencephalogram various factors, in particular the stimulation protocol. were also not included. It has been shown in the literature that ﬁve to 10 The study was conducted in accordance with the sessions of high-frequency (HF)-rTMS or intermittent Helsinki Declaration and approved by the local ethics theta-burst stimulation (iTBS) of the primary motor committee. All patients were examined by a blinded cortex reduce spasticity by 18%–42% in patients with neurologist for compliance with inclusion and exclu- MS [3]. Both protocols can reduce the level of spastic- sion criteria. It is important to note that patients were ity by increasing the excitability of the primary motor evaluated by the same neurologist at the beginning cortex and as a result increasing the downward inhibi- and end of the stimulation protocol. tory eﬀects of gamma motoneurons [9]. For the clinical assessment of the level of disability According to some studies, iTBS may provide the Expanded Disability Status Scale (EDSS) and the stronger and longer-lasting eﬀects than HF-rTMS in Kurtzke Functional System Score were used. the treatment of diseases of the nervous system [4]. In The primary outcome measures were the subjective and a small pseudo-randomized study, it was shown that objective level of spasticity. As objective scale the MAS both HF-rTMS and iTBS statistically signiﬁcantly was used; the subjective questionnaires were the numerical reduced spasticity in MS subjects with a more persis- analog scale (NAS) and the Subjective Evaluating Spastic- tent eﬀect after the iTBS protocol. [5]. These ﬁndings ity Scale (SESS). The NAS and SESS were included fol- need to be validated in larger sham-controlled studies. lowing several studies emphasizing the importance of a Therefore, the aim of this study was to compare the patient’s self-reported measure of spasticity, taking into eﬀects of two protocols of rTMS – HF-rTMS (20 Hz) account the real impact of this symptom. Patients were and iTBS – on the level of spasticity and concomitant assessed twice by the MAS: before the stimulation (T0) symptoms in patients with SPMS with an analysis of and after the 10 sessions (T1). There were four assess- the duration of the eﬀects observed up to 12 weeks ments by the NAS and SESS: in addition to T0 and T1, after the stimulation. evaluations were performed 2 and 12 weeks after the end of the stimulation course (T2 and T3 respectively). The secondary outcome measures were pain and Materials and methods fatigue. Pain associated with spasticity was measured by a questionnaire of pain associated with the Patients and clinical assessment increased muscle tone. Fatigue was assessed by the The inclusion criteria were the established diagnosis of Modiﬁed Fatigue Impact Scale (MFIS). There were MS based on the McDonald criteria 2010, a sec- four assessments by these scales at T0, T1, T2, T3 ondary progressive type of MS; the presence of lower (the last two times by phone calls). spastic paraparesis, with a spasticity level by the Mod- iﬁed Ashworth Scale (MAS) of at least 2 points when Procedures measured in the knee joint; no change in antispastic therapy within a month before enrollment and during Patients were randomized into three groups: (i) the follow-up period (for 12 weeks). received HF-rTMS (20 Hz, n = 12); (ii) received iTBS None of the patients received disease modifying (n = 12); (iii) received sham stimulation (n = 10). All therapy for 3 months before enrollment and during patients were stimulated once a day for 5 consecutive the follow-up period. Before entering the study, all days for 2 weeks. The treating physician, who was the patients signed voluntary informed consent. aware of group allocation because he had to set up The exclusion criteria from the study were metal the stimulation protocol, was instructed not to talk to implants in the head; pregnancy; the presence of other either the patients or the assessing physicians about diseases of the nervous system; epileptic attacks in the the stimulation procedure. anamnesis; severe somatic pathology; joint-related lim- Concurrently with rTMS, all patients received a itation of passive range of movement. There were at course of 10 physical therapy sessions, each lasting for least 30 cases of epileptic seizures after TMS in the lit- 45–55 min and scheduled ﬁve times a week in 2 con- erature [10]. Most cases were after HF-rTMS. In six secutive weeks. The physical therapy focused on spas- cases epileptic seizures happened in patients with a tic muscle stretching according to a standard protocol previous history of alcohol abuse, organic damage of established in the research center, with consideration the brain with epileptiform discharges in the of each patient’s individual limitations. © 2018 EAN 682 J. KORZHOVA ET AL. Randomization was made with specially prepared eﬀects of interventions on the clinical scales, their val- envelopes. ues at the moments T1, T2, T3 were compared with the values at time T0 using the two-tailed Wilcoxon signed rank test. The changes were considered statisti- Repetitive transcranial magnetic stimulation cally signiﬁcant for P < 0.05. The response rate was For the determination of the stimulation point, a sin- deﬁned as the percentage of patients with an MAS gle-pulse TMS with the NBS eXimia Nexstim tool decrease by at least 1 point. Conﬁdence intervals (CIs) (Finland) was used. The registration of the induced at 95% for the response rate were computed using the motor responses was carried out with the help of skin Clopper–Pearson method. The three groups were com- electrodes placed on the tibialis anterior muscle. Pas- pared using the Kruskal–Wallis test and, in the case sive and active motor thresholds were determined at of a signiﬁcant eﬀect, by post hoc tests. the point with maximum amplitude of the motor evoked potential (MEP). The passive motor threshold Results was deﬁned as the minimum intensity of stimulation resulting in the occurrence of the MEP with an ampli- Patients with SPMS and lower spastic paraparesis tude of more than 50 lV in ﬁve or more cases when were included. A total number of 150 patients were 10 stimuli were presented with complete relaxation of screened for enrollment in the study (Figure S1). Six the muscle. The active motor threshold was deﬁned as of them declined participation because of the presence the minimum intensity of stimulation resulting in the of the sham control group. Another group of patients occurrence of the MEP with an amplitude of more (n = 116) did not meet the inclusion criteria. than 200 lV in ﬁve or more cases when 10 stimuli As a result, 34 patients (14 men) with SPMS were were presented with an isometric reduction of the tib- included in the study. The mean age was 45 years. The ialis anterior muscle. mean level of disability measured by the EDSS was 6.5. Repetitive transcranial magnetic stimulation (rTMS) The disease duration varied between 4 and 20 years. was performed on the Magstim Rapid 2 apparatus All groups were comparable in demographic and clini- using a ﬁgure-of-eight coil calibrated for the neuron- cal data (Supporting information Table S1). There were avigated system (10 sessions). rTMS was delivered no side eﬀects and serious side eﬀects in any group. over the scalp site to the area of both primary motor Motor evoked potentials (MEPs) could not be cortices (M1). The intensity of stimulation was 80% induced in the patients at rest by single-pulse TMS at of the maximum stimulant power. maximum stimulator output. Thus, the stimulation Intermittent theta-burst stimulation was delivered in point was determined from the maximum MEP ampli- the form of bursts at a frequency of 5 Hz, with each tude during facilitation (muscle contraction). burst consisting of three stimuli, followed by a fre- The eﬀects of two rTMC protocols and sham stim- quency of 35 Hz, a total of 10 bursts and a total of ulation on motor and non-motor spasticity symptoms 1200 stimuli per session. are presented in Table 1. For HF-rTMS with a frequency of 20 Hz the fol- lowing protocol was used: 2 s of stimulation, 28 s of Spasticity by the MAS rest; and the total number of stimuli for one session was 1600. If no MEP was detectable, even under facil- Patients from the HF-rTMS group (20 Hz) showed a itation, the intensity of stimulation was 80% of the statistically signiﬁcant decrease in muscle tone at T1 maximum power of the stimulator. (P < 0.001), with an eﬀect size of (diﬀerence in the For the sham stimulation, patients also underwent MAS between T1 and T0, mean and 95% CI) 1.0 similar procedures to select the point of stimulation. ( 1.3, 0.6) points and a response rate of 79%, 95% The main diﬀerence was that the stimulation was CI 58%–93% (Fig. 1). started on the other coil, located 1 m from the sub- Patients from the iTBS group also showed a statisti- ject. Thus, visually and according to the produced cally signiﬁcant decrease in muscle tone at T1 noise this type of stimulation did not diﬀer from the (P < 0.001): eﬀect size 1.5 ( 2.1, 0.8) points; real one. Also all patients were naive to TMS. response rate 87%, 95% CI 66%–97%. There was no statistically signiﬁcant reduction in spasticity in the sham control group (P = 0.44): eﬀect Data analysis size 0.2 ( 0.5, 0.1) points; response rate 25%, 95% Statistical processing and visualization of the data CI 9%–49%. were carried out using the MATLAB R2017a package The Kruskal–Wallis test showed that the MAS (MathWorks, Natick, MS, USA). To determine the changes in the three groups were signiﬁcantly diﬀerent © 2018 EAN NAVIGATED RTMS FOR SPASTICITY MANAGEMENT 683 Table 1 Eﬀect of the two rTMC protocols and sham stimulation on the motor and non-motor spasticity symptoms Scales 20 Hz iTBS Sham MAS T0 3 [2; 3] 3 [3; 3] 3 [2; 3] T1 2 [1; 2]* 2 [1; 2]* 3 [2; 3] SESS T0 4 [4; 5] 4 [3; 5] 4 [3; 5] T1 3 [3; 4] 3 [3; 4]* 3 [3; 4] T2 3 [3; 3]* 3 [3; 3]* 4 [3; 4] T3 4 [3; 4] 3 [3; 4]* 4 [4; 4] NAS T0 7 [7; 9] 7 [5; 10] 8 [7; 9] T1 5 [4; 5]* 5 [5; 6]* 7 [5; 8]* T2 6 [4; 7]* 5 [4; 7]* 8 [6; 8] T3 7 [6; 8] 6 [5;7] 8 [6; 8] Pain level T0 20 [13; 23] 19 [13; 21] 18 [11; 21] T1 15 [8; 18]* 19 [10; 20] 16 [12; 17] T2 14 [6; 16]* 12 [6; 18] 12 [10; 17] T3 15 [10; 20] 8 [6; 16] 17 [15; 17] MFIS T0 26 [22; 32] 28 [19; 35] 32 [28; 35] T1 17 [15; 23]* 25 [13; 28] 26 [16; 32] T2 21 [13; 25]* 21 [6; 27] 27 [17; 32]* T3 24 [14; 26]* 27 [20; 41] 28 [27; 34] Data are median and lower and upper quartiles; *P < 0.05. (P = 10 3), with post hoc tests showing signiﬁcant diﬀer- ences between HF-rTMS and sham control, iTBS and sham control, but not between HF-rTMS and iTBS. Subjective scales Figure 1 Histograms of changing spasticity level by the MAS Subjective evaluating spasticity scale (SESS) after treatment. The horizontal axis represents the values of the Patients who had received 10 sessions of real rTMS diﬀerences on the MAS at T1 and T0; the vertical axis shows (20 Hz or iTBS) showed a signiﬁcant reduction of the number of cases in which such changes were observed (val- ues for the right and left legs were considered as individual spasticity level as measured by the SESS (Fig. 2). cases). Negative values correspond to a reduction in spasticity. In the HF-rTMS group, a reduction in spasticity In the rTMS (20 Hz) and iTBS groups the decrease on the MAS was obtained according to the subjective evaluations is clearly seen, most frequently a decrease by 1 point. In the by the patients at the 2-week follow-up. After the end sham group there is no signiﬁcant change on the MAS. [Colour of the 12-week follow-up, the spasticity level in most ﬁgure can be viewed at wileyonlinelibrary.com] patients had returned to the baseline. In the iTBS group, there was a signiﬁcant reduction in spasticity assessed by the subjective scale immedi- In the iTBS group, there was a slight decrease in ately after the stimulation course and the eﬀect per- spasticity on NAS post-intervention and at the 2-week sisted for 12 weeks. follow-up. In the sham group, there was a slight decrease in In the sham group, there was a slight decrease in spasticity immediately after completion of the 10 stim- spasticity with a subsequent increase in its level to the ulation sessions. However, after 2 weeks in all patients baseline. spasticity returned to the baseline level. The eﬀect sizes (diﬀerences in the NAS between T1 The eﬀect sizes (diﬀerences in the SESS between T1 and T0, mean and 95% CI) were HF-rTMS 2.8 ( 4.0, and T0, mean and 95% CI) were HF-rTMS 1.0 ( 2.0, 1.5), iTBS 1.6 ( 2.9, 0.2), sham 1.3 ( 2.3, 0.3). 0.0), iTBS 1.0 ( 1.5, 0.5), sham 0.5 ( 1.3, 0.3). Pain level associated with spasticity Numerical analog scale (NAS) In the HF-rTMS group (20 Hz) there was a signiﬁcant There was a signiﬁcant reduction in spasticity mea- reduction in the pain level after 10 sessions; this eﬀect sured by the NAS in the HF-rTMS group immedi- persisted for 2 weeks after the end of stimulation. By ately after therapy (Fig. 3). This eﬀect persisted for the end of the 12-week follow-up, the pain level 2 weeks. By the end of the 12-week follow-up, spastic- returned to the initial values. There were no statistically ity increased again, reaching the baseline level. signiﬁcant changes in the other two groups (Fig. 4). © 2018 EAN 684 J. KORZHOVA ET AL. Figure 2 Distribution of values of the SESS. Here and in the following ﬁgures, the boundaries of the rectangles correspond to the lower and upper quartiles, the horizontal dashed lines to the median and the vertical dashed lines to the range of values except for outlying cases (+ marks). Outlying cases are values that exceed the upper quartile by more than 1.5 interquartile intervals, and likewise for the lower quartile. The asterisks indicate signiﬁcant changes of the parameter at T1, T2, T3 in comparison with T0. There is a signiﬁcant decrease in the rTMS group at T2, as well as in the iTBS group at T1, T2, T3. [Colour ﬁgure can be viewed at wileyonlinelibrary.com] Figure 3 The distribution of the values of the numerical analog scale (NAS). There was a signiﬁcant decrease in the rTMS and iTBS groups at T1, T2, and also in the sham group at T1. *P < 0.05. [Colour ﬁgure can be viewed at wileyonlinelibrary.com] The eﬀect sizes (diﬀerences in the pain scale (T2) and 12 weeks (T3), the level of fatigue gradually between T1 and T0, mean and 95% CI) were HF- increased (Fig. 5). rTMS 5.0 ( 8.6, 1.4), iTBS 1.6 ( 7.7, 4.5), sham There were no statistically signiﬁcant changes of 1.9 ( 6.8, 3.0). MFIS in the iTBS group. In the sham control group, the level of fatigue Modified fatigue impact scale (MFIS) decreased slightly at the 2-week follow-up (T2), but There was a signiﬁcant decrease of the MFIS in the subsequently increased to baseline. The presence of a HF-rTMS group after therapy (T1). After 2 weeks small eﬀect in the sham group is probably associated © 2018 EAN NAVIGATED RTMS FOR SPASTICITY MANAGEMENT 685 Figure 4 The distribution of values of the scale of pain level associated with spasticity. There is a signiﬁcant decrease in the rTMS group at T1, T2. *P < 0.05. [Colour ﬁgure can be viewed at wileyonlinelibrary.com] with a positive eﬀect of general therapy during hospi- rTMS and the iTBS protocols have the ability to talization. increase the excitability of the motor cortex. It is The eﬀect sizes (diﬀerences in MFIS between T1 and assumed that this leads to an increase in the recruitment T0, mean and 95% CI) were HF-rTMS 7.0 ( 11.7, of the descending corticospinal projections and to mod- 2.3), iTBS 3.1 ( 9.0, 2.8), sham 5.2 ( 11.2, 0.8). ulation of the activity of inhibitory interneurons in the spinal cord. This theory correlates with the mechanisms of the pathogenesis of spasticity in MS. It has been Discussion shown that HF-rTMS leads to inhibition of the H- The eﬃcacy of two rTMS protocols – HF-rTMS reﬂex, which may be due to an increase in presynaptic (20 Hz) and iTBS – in the treatment of spasticity and inhibition of Ia aﬀerents [6]. Boutiere et al. [16] showed spasticity-associated symptoms in patients with SPMS that 10 sessions of iTBS resulted in a statistically signiﬁ- was examined. The main ﬁndings of this study are as cant change in interhemispheric connectivity with a cor- follows: (i) both protocols statistically signiﬁcantly relation with the severity of the antispastic eﬀect [13]. reduced the severity of spasticity measured by the In contrast to previous studies, the eﬃcacy of rTMS objective (MAS) and subjective (SESS) scales; (ii) the in patients with SPMS rather than relapsing–remitting duration of the antispastic eﬀect after iTBS was at least MS was studied. It is known that in SPMS neurode- 12 weeks, whilst after HF-rTMS it was at least 2 weeks, generative changes play a leading role in the develop- as assessed by the subjective scale (SESS); (iii) only HF- ment of clinical symptoms, which are predominantly rTMS, but not iTBS, led to a statistically signiﬁcant irreversible and cannot regress spontaneously or under decrease in the pain level and fatigue associated with the inﬂuence of disease modifying therapy. None of spasticity; these eﬀects persisted for at least 2 weeks the patients included in our study received disease after the stimulation course. Our results are consistent modifying therapy. with previous studies that have shown the eﬃcacy of Another speciﬁcity of our study was a follow-up HF-rTMS [11] and iTBS [12,13] in the treatment of period of 12 weeks, whilst in previous studies it did spasticity in patients with MS. In addition, the presence not exceed 2 weeks. This allowed diﬀerences to be of an antispastic eﬀect of HF-rTMS in patients with identiﬁed in the duration of the eﬀect of the two stim- stroke, spinal trauma and cerebral palsy has been ulation protocols, which was at least 2 weeks for HF- shown previously, as well as the eﬀectiveness of iTBS in rTMS and 12 weeks for iTBS. patients with stroke and spinal trauma [14,15]. Despite a lack of understanding of the exact rea- The exact mechanisms of the antispastic eﬀect of sons for the longer-term eﬀect of iTBS, our prelimi- rTMS are still unknown. Despite the presence of some nary data may be of great importance for the diﬀerences in the physiological eﬀects, both the HF- application of this protocol in real clinical practice. © 2018 EAN 686 J. KORZHOVA ET AL. Figure 5 Distributions of MFIS values. There was a signiﬁcant decrease in the rTMS group at T1, T2, T3 and in the sham group at T2. *P < 0.05. [Colour ﬁgure can be viewed at wileyonlinelibrary.com] Another important advantage for the clinical use of course was carried out only on the basis of subjective iTBS is the shorter duration of a stimulation session, scales based on the patient’s sensations. In addition, which is 10 min, whilst one HF-rTMS session lasted the sham stimulation technique used does not repro- for 30 min in our study. duce the tactile sensations of real stimulation. No Our results about the duration of the iTBS eﬀect questionnaire about belonging to a treatment group contradict the results of the Mori (2010) trial, which was used. Finally, another limitation is the small num- showed a decrease of the spasticity level after stimula- ber of patients, which motivates further studies to tion for 1 week [17]. This may be due to diﬀerences in conﬁrm the ﬁndings. the stimulation protocols. The total number of stimuli for the entire course in our protocol was 12 000 ver- Conclusions sus 6000 stimuli in the trial of Mori et al. In addition, in Mori et al.’s trial the intensity of stimulation in all Navigated rTMS can be used as an eﬀective method cases did not exceed 50% of the maximal power of of spasticity management in clinical practice. HF- the stimulator for safety reasons. In our study, a stim- rTMS and iTBS may diﬀer in some of their clinical ulation intensity that was equal to 80% of the maxi- eﬀects. These results motivate further studies on the mum stimulant power was used. Finally, a mechanisms of the prolonged eﬀects of rTMS. neuronavigation technique was used, which allows for precise control of the position of the coil and the rep- Disclosure of conflicts of interest etition of stimulation at the same point from session to session. Moreover, with the neuronavigation tech- The authors declare no ﬁnancial or other conﬂicts of nique, the stimulation point could be controlled even interest. in patients in whom MEPs could not be evoked with facilitation. The role of these factors in increasing the Supporting Information duration of the iTBS eﬀect needs further research. It should also be noted that, in the other two studies Additional supporting information may be found using iTBS, the eﬀect persisted for at least 2 weeks, online in the Supporting Information section at the but the duration of follow-up was limited by this time end of the article:: [17,18]. Table S1. Demographic data and baseline neurological There were several limitations in our study. Evalua- deﬁcit. tion of the eﬀect of stimulation after 2 weeks (T2) Figure S1. PRISMA ﬂow diagrama for patients. and 12 weeks (T3) after completion of the stimulation © 2018 EAN NAVIGATED RTMS FOR SPASTICITY MANAGEMENT e44 11. Centonze D, Koch G, Versace V, Mori F, Rossi S, References Brusa L. Repetitive transcranial magnetic stimulation of 1. Lance JM. Symposium synopsis. In: Feldman RG, the motor cortex ameliorates spasticity in multiple scle- Young RR, Koela WP, eds. Spasticity: Disordered rosis. Neurology 2007; 68: 1045–1050. Motor Control. Chicago: Year Book Medical, 1980: 12. Pascual-Leone A, Valls-Sole J, Wassermann EM, Hallett 487–489. M. Responses to rapid-rate transcranial magnetic stimu- 2. Oreja-Guevara C, Gonz alez-Segura D, Vila C. Spasticity lation of the human motor cortex. Brain 1994; 117: 847– in multiple sclerosis: results of a patient survey. Int J 858. Neurosci 2013; 123: 400–408. 13. Korzhova J, Sinitsyn D, Chervyakov A, et al. Transcra- 3. Iodice R, Dubbioso R, Ruggiero L, Santoro L, Man- nial and spinal cord magnetic stimulation in treatment ganelli F. Anodal transcranial direct current stimula- of spasticity. A literature review and meta-analysis. Eur tion of motor cortex does not ameliorate spasticity in J Phys Rehabil Med 2018; 54: 75–84. multiple sclerosis. Restor Neurol Neurosci 2015; 33: 14. Di Lazzaro V, Pilato F, Dileone M, Proﬁce P, Oliviero 487–492. A, Mazzone P. The physiological basis of the eﬀects of 4. Iodice R, Manganelli F, Dubbioso R. The therapeutic intermittent theta burst stimulation of the human motor use of non-invasive brain stimulation in multiple sclero- cortex. J Physiol 2008; 586: 3871–3879. sis –a review. Restor Neurol Neurosci 2017; 35: 497–509. 15. Korzhova YE, Chervyakov AV, Poidasheva AG, 5. Heesen C, Gold SM, Hartmann S, Mladek M, Reer R, Kochergin IA, Peresedova AV, Zakharova MN. The Braumann K-M. Endocrine and cytokine responses to application of high-frequency and iTBS transcranial standardized physical stress in multiple sclerosis. Brain magnetic stimulation for the treatment of spasticity in Behav Immun 2003; 17: 473–481. the patients presenting with secondary progressive multi- 6. Shakespeare D, Boggild M, Young CA. Anti-spasticity ple sclerosis. Vopr Kurortol Fizioter Lech Fiz Kult [Inter- agents for multiple sclerosis. Cochrane Database Syst net] 2016; 93: 8–13. Rev 2003; 4: CD001332. 16. Boutiere C, Rey C, Zaaraoui W, Le Troter A, Rico A, 7. Naro A, Leo A, Russo M, Casella C, Buda A, Crespan- Crespy L. Improvement of spasticity following intermit- tini A. Breakthroughs in the spasticity management: are tent theta burst stimulation in multiple sclerosis is asso- non-pharmacological treatments the future? J Clin Neu- ciated with modulation of resting-state functional rosci 2017; 39: 16–27. connectivity of the primary motor cortices. Mult Scler J 8. Kheder A, Nair KPS. Spasticity: pathophysiology, eval- 2017; 23: 855–863. uation and management. Pract Neurol 2012; 12: 289– 17. Mori F, Codec a C, Kusayanagi H, Monteleone F, Boﬀa 298. L, Rimano A. Eﬀects of intermittent theta burst stimula- 9. Leo A, Naro A, Molonia F, Tomasello P, Sacc a I, Bra- tion on spasticity in patients with multiple sclerosis. Eur manti A. Spasticity management: the current state of J Neurol 2010; 17: 295–300. transcranial neuromodulation. PM R 2017; 9: 1020–1029. 18. Mori F, Ljoka C, Magni E, Codec a C, Kusayanagi H, 10. Suponeva N, Bakulin I, Poydasheva A, Piradov M. The Monteleone F. Transcranial magnetic stimulation primes safety of transcranial magnetic stimulation: an overview the eﬀects of exercise therapy in multiple sclerosis. J of the international recommendations and new data. Neurol 2011; 258: 1281–1287. Neuro-muscul Disord 2017; 7: 21–36. © 2018 EAN 
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