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Introduction 
 
 

The 12th International Symposium on nTMS in Neurosurgery and Neuromodulation brought a 
record number of attendees and experts of nTMS to Berlin, to share their experiences of nTMS in 
clinical use and in research. After a two-year hiatus due to the pandemic, the interpersonal 
exchange and discussions between researchers and clinicians from centers all over the world was 
especially valuable.  
 
For the first time, the nTMS Symposium included a dedicated session on connectomics, 
highlighted by the Symposium’s first lecture by keynote speaker Dani Smith Bassett titled 
“Understanding brain network modulation”. Dani shared fascinating insights on the possibilities of 
applying network science on the human connectome as a new resource to improve 
neuromodulatory targeting and efficacy.  
 
Petra Ritter followed with an impressive overview on how her team from the Brain Simulation 
Section at the Charité models the neuronal dynamics underlying brain function. Petra and her team 
use latest computational methodology and massive computing power to simulate in-silico brain 
network modulation through personalized brain models.  
In addition to our keynote speakers, we were delighted to receive numerous abstracts concerning 
connectivity and navigating TMS in the brain – these can be found in the first chapter of this 
abstract book.  
 
Likewise, there has been further development in nTMS for motor and language mapping. Among 
many great presentations, the talk “Differential effects of linguistic stimuli: Evidence from VLSM 
and TMS” by Effy Ntemou, which was voted best abstract by the attendees of the symposium. In 
addition, several abstracts focused on tumor-induced functional reorganization, with Zhenyu 
Gong's presentation on plasticity of the motor cortex, voted third best abstract, being particularly 
noteworthy. 
 
In addition to the impressive live session on nTMS-EEG conducted by the team of Mario 
Rosanova from Milan University, interesting papers on connectivity-informed targeting of cortical 
networks were presented and are available to read in the TMS-EEG section of the abstract book.  
 
While nTMS mapping has taken a prominent role in neurosurgery, recent breakthroughs in the 
therapeutic use of TMS, including the accelerated SAINT protocol, were presented by Nolan 
Williams and Daniel Blumberger.  
 
As the important discourse concerning nTMS in therapy continues, it is gratifying to note the large 
number of therapy related abstracts we received this year, ranging from post-surgical rehabilitation 
and spinal cord injury rehabilitation to depression and neuropathic pain treatment.   
 
The Symposium demonstrated to all participants how dynamic the field of non-invasive brain 
stimulation evolves in many domains and how collaborative efforts catalyse progress across 
disciplines. 
 
The Faculty,  
 
Thomas Picht, Anna Zdunczyk, Peter Vajkoczy  
Charité – Universitätsmedizin Berlin  
 
Sandro Krieg, Sebastian Ille, Bernhard Meyer  
Klinikum rechts der Isar, Technische Universität München 
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A-107 

Alteration of small-worldness properties induced by navigated transcranial 
magnetic stimulation 

H. Zhang 

Klinikum rechts der Isar, Neurosurgery Department, Munich, Germany 

Objective: The application of navigated transcranial magnetic stimulation (nTMS) localization has been 

widely accepted in clinical and scientific research, and its potential effects on cerebral functions are 

increasingly being recognized, however, the extent of these effects is still poorly understood, particularly with 

respect to impacts induced by high and low-frequency stimulation. Previous studies in which small-world 

analysis was applied to resting-state functional MRI (rs-fMRI) studies to reflect functional changes in the 

brain can facilitate our understanding effects of TMS on brain function. 

 

Methods: Six healthy subjects (median age: 23.5 years) underwent two nTMS sessions (1 Hz and 10 Hz), 

seven days apart, and pre- and post-stimulation rs-fMRI. nTMS was delivered to the left dorsolateral 

prefrontal cortex (DLPFC), which is determined by Independent Component Analysis (ICA).  

 

Results: Three small-worldness parameters were calculated at different sparsity thresholds, consisting of 

Gamma, Lambda, and Sigma. Gamma and Sigma significantly increased but Lambda decreased after low-

frequency stimulation, in contrast, after high-frequency stimulation, small-world gamma and sigma decreased 

but lambda significantly increased at sparsity thresholds between 0.4 and 0.5. Overall, the enhancement of 

small-world properties that occurs after the DLFPFC receives low-frequency stimulation continues until just 

before high-frequency stimulation, where receiving high-frequency stimulation leads to a weakening of small-

world properties. 

 

Conclusion: Brain function is influenced by nTMS stimulation, even after stimulation. This suggests that the 

brain counteracts to the effects of stimulus interference on local brain regions through global responses. 

  



7 
 

A-130 

Decreased ipsilesional structural connectivity in glioma patients 

L. Fekonja1, Z. Wang1, A. Cacciola2, T. Roine3, D. B. Aydogan3, D. Mewes4, S. Vellmer4, P. 
Vajkoczy4, T. Picht4 
1Charité- Universitätsmedizin Berlin, Berlin, Germany, 2University of Messina, Messina, Italy, 3Aalto University School of Science, 

Espoo, Finland, 4Charité - Universitätsmedizin Berlin, Berlin, Germany 

The cerebral network can be infiltrated by gliomas. Thus, gliomas disrupt the structure and function of 

neuronal systems, such as the motor system. This may lead to severe functional impairments. Network-

based statistics can be used to identify these lesion-related differences in brain networks, while graph-

theoretic analyses allow investigation of global and local network properties.  

  

We used network measurements to characterize glioma-related impairments in structural connectivity and 

compared ipsi- versus contralesional hemisphere networks in patients.  

We subsequently correlated these results with the patients' neurological assessments.  

  

Tumor location resulted in varying impairment of both short and long connectivity patterns. The network 

analysis showed reduced global and local efficiency in the ipsilesional hemisphere compared with the 

contralesional hemispheric networks. This reflects the impairment of information transfer between different 

regions of a network triggered by tumors.  
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A-128 

Functional reorganization of cortical motor areas in glioma patients as 
prospectively examined and analyzed by navigated transcranial magnetic 
stimulation 

M. Grziwotz1,2, S. Ille1,2, A. Schröder1,2, H. Zhang1,2, B. Meyer1, S. Krieg1,2 

1Klinikum rechts der Isar, Technical University, Department of Neurosurgery, Munich, Germany, 2TUM-Neuroimaging Center, Munich, 

Germany 

Background: Glioma-induced functional reorganization (FR) is discussed frequently. However, there are 

only few prospective longitudinal studies. The present study therefore investigates FR of cortical motor areas 

after the resection of motor-eloquent gliomas by navigated transcranial magnetic stimulation (nTMS). 

 

Methods: We included 20 patients (patient-group, PG) with motor-eloquent gliomas scheduled for 

microsurgical resection. nTMS motor mappings and measurements of clinical motor function was performed 

preoperatively, postoperatively (mean 118±22 days) as well as in short- (mean 221±29 days) and long-term 

(mean 425±72 days) follow-up. nTMS motor mapping was performed at three time points (baseline, after 

mean 113±5 days and 190±1 days) in a control-group (CG) of 5 healthy subjects. Comparisons of the center 

of gravity (COG), the resting motor threshold (rMT) and the size and extent of cortical motor areas were 

analyzed.  

 

Results: We observed the COG in the PG to shift within the precentral gyrus (PrG) mainly in a posterior 

direction (mean shift 6.28 mm). The COG location in the short- (p=0.001) and long-term (p=0.037) follow-up 

differed significantly. In the CG the COG remained within PrG (mean 5.62mm), without significant difference 

in repeated measurements. The excitability of the motor system did not show significant differences over 

time, even though individual patients showed considerable changes of their rMT. The involvement of 

different cortical regions is varying over time. We observed significant differences with clear monosynaptic 

motor evoked potential recordings within the superior frontal gyrus (p=0.029), postcentral gyrus (p=0.009), 

and supramarginal gyrus (p=0.029). We did not observe significant changes comparing the actual size 

(mean 365mm²) of the cortical motor area. 

 

Conclusion: nTMS is appropriate to visualize FR in glioma patients. While rMT remains stable, the COG 

and extent of the cortical motor area changes over time and exceeds the PrG.  
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A-139 

Assessing deep learning segmentation for corticospinal tract segmentation using 
preoperative nTMS masks in patients with motor eloquent gliomas 

O. Lucena1, J. P. Lavrador2, C. Semedo1, H. Irzan1, F. Vergani3, K. Ashkan2, R. Sparks1, S. 
Ourselin1 
1School of Biomedical Engineering and Imaging Sciences, King’s College London, London, UK, London, United Kingdom, 2King's 

College Hospital, Neurosurgery, London, United Kingdom, 3King’s College Hospital Foundation Trust, Department of Neurosurgery, 

London, United Kingdom 

Deep learning-based (DL) methods are the best perming methods for white matter tract segmentation for 

health subjects. However, annotations of the tract region are variable and even absent for clinical data. 

Therefore, other techniques are used to map eloquent areas for surgical planning. Direct cortical stimulation 

(DCS) is the gold standard ground truth to determine the precise location and it is used intraoperatively. 

Nonetheless, DCS is invasive and can only be collected in patients who will undergo surgery, and resolving 

the differences in brain anatomy pre and intra-operatively is a complicated and open research question. 

Navigated Transcranial Magnetic Stimulation (nTMS) has a good correlation to DCS for motor mapping and 

the added advantage of being able to be acquired pre-operatively. To the best of our knowledge, no white 

matter tract segmentation evaluation has considered TMS as a validation technique in patients with motor 

eloquent gliomas. 

Therefore in this work, we evaluate the feasibility of using nTMS responses close to the primary motor cortex 

as a method to assess a start-of-the-art tract segmentation algorithm with uncertainty estimation of the tract 

location for the corticospinal tract (CST). We present an investigation on 1) how well CST overlap with nTMS 

response masks, 2) the correlation between estimated uncertainty for non-overlap nTMS response mask and 

its distance to tract, and 3) the correlation of estimated uncertainty correlates with overlap errors. 

 

Our results show CSTs have good results in terms of Overlap Coefficient (OC) with nTMS response masks. 

We demonstrate that estimated uncertainty is a good measure of agreement between the CST and nTMS 

response masks and distance to the tract. Also, our results support that estimated uncertainty indicates 

overlap reliability. This investigation is a step towards a more informative non-invasive mapping of the brain 

for preoperative planning that can result in safer use of DCS. 
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A-113 

Baseline Resting Motor Threshold And Early Post-Operative Seizure: Implication 
For Cortical Plasticity From A 1-Year Longitudinal nTMS Study Of Patients With Low 
Grade Glioma 

M. Catalino1, S. Prinsloo1, S. Tummala2, M. Muir1, H. Michener1, S. Prabhu1 

1University of Texas MD Anderson Cancer Center, Neurosurgery, Houston, United States of America, 2University of Texas MD 

Anderson Cancer Center, Neuro-oncology, Houston, United States of America 

Background: Lower resting motor threshold (RMT) is thought to portend a better outcome in brain injured 

patients due to improved plasticity.[1] Pathologically elevated RMT in the tumor-affected hemisphere is 

independently associated with worse motor outcome at 7 days and poorer recovery, regardless of proximity 

to M1. [2]In stroke patients, the RMT of the affected hemisphere was also higher than the unaffected 

hemisphere.[3] Higher RMT in low grade tumors could be caused by intrinsic intracortical inhibition and or 

altered corticospinal architecture.[4] Patients with greater plasticity could also have more tumor 

microenvironment changes resulting in higher incidence of post-operative seizures.[5] We hypothesized that 

higher RMT likely predict increased incidence of postoperative seizures in low grade tumors. 

 

Methods: In a preliminary retrospective study of patients with low grade glioma undergoing surgical 

resection, patient, tumor, and nTMS factors were examined against early post-operative seizure occurance. 

Baseline, 1 month, 6 month, and 12 month, RMT was recorded when available.  

 

Results: Between 2021 and 2022 n=32 patients with low grade glioma were included in the study. Figure 1 

and 2 describe the study cohort. Early post-operative seizures (n=6) were defined as seizures with clinical 

manifestations occurring prior to hospital discharge. Patients with early post-operative seizures older and 

had more residual tumor (median of 5.2 ml3 vs. 32.6 ml3, p=0.002), otherwise the groups were well matched. 

Baseline RMT was obtained prior to surgery and upper extremity RMT was similar between language or 

motor region tumors. Both upper and lower extremity RMT was higher in patients with early post-operative 

seizures, especially for lower extremity RMT in motor region (p=0.02) despite a small sample size (n=7; 

figure 3 and 4). RMT decreased over the first year post-operatively, corresponding to an improvement in 

motor function and KPS (figure 5). 
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Upper left shows the nTMS sessions by patient and post-operative day. Upper right shows the pathology of the cohort. Lower left shows 
the distribution pre-operative T2 Flair volume based on functional grade. Right lower shows the age distribution of participants along 
with Epanechnikov kernel density. 

 
Upper left and right show the distribution of post-operative T2 Flair volume based on functional grade. Lower left and right show the 
distribution of baseline upper extremity (UE) and lower extremity (LE) RMT by functional grade. *p<0.05 **p<0.01 
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Upper left shows the distribution of baseline upper extremity (UE) RMT. Upper right shows the baseline UE RMT in language and motor 
region tumors (note: LE RMT was not obtained in language region tumor patients). Lower motor region cases and compares the 
distribution of UE (left) and LE (right) RMT by early post-operative seizures. *p<0.05 
 
 
 

 

 
Scatter plots of upper extremity (UE, y axis) and lower extremity (LE, x axis) RMT by early post-operative seizures (left) and pre-
operative seizure type. Note that the distribution of pre-operative seizures appears random, while the post-operative seizures appear to 
concentrate in the right of the scatter plot. 
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Upper left shows mean upper extremity (UE) RMT over time with means grouped by patients with early post-operative seizure. Upper 
right shows mean lower extremity (LE) RMT. Bottom left shows mean motor score (graded 0-5) based on strength exam over time. 
Lower right shows mean KPS (0-100) over time. 
 
 
 
Conclusion: Higher lower extremity RMT in motor region tumors and higher upper extremity RMT, 
regardless of tumor location, were associated with early post-operative seizures. Early post-operative 
seizures could indicate certain baseline alterations in cortical plasticity, and possible greater 
microenvironment changes. 
 
 

  
References 

[1] Perez MA, Cohen LG. , (2009), The corticospinal system and transcranial magnetic stimulation in stroke, Top Stroke Rehabil 

[2] Rosenstock T, Grittner U, Acker G, et al., (2017), Risk stratification in motor area-related glioma surgery based on navigated 

transcranial magnetic stimulation data., J Neurosurg 

[3] Cicinelli P, Pasqualetti P, Zaccagnini M, Traversa R, Oliveri M, Rossini PM., (2003), Interhemispheric asymmetries of motor cortex 

excitability in the postacute stroke stage: a paired-pulse transcranial magnetic stimulation study, Stroke 

[4] Mirchandani AS, Beyh A, Lavrador JP, Howells H, Dell'Acqua F, Vergani F. , (2020), Altered corticospinal microstructure and motor 

cortex excitability in gliomas: an advanced tractography and transcranial magnetic stimulation study, J Neurosurg 

[5] de Jong JM, Broekaart DWM, Bongaarts A, et al. , (2022), Altered Extracellular Matrix as an Alternative Risk Factor for 

Epileptogenicity in Brain Tumors., Biomedicines   

 

  

  



15 
 

 

 

 

 

 

 

 

 

Pre-surgical Mapping 



16 
 

A-136 

Pre-surgical motor mapping as a signature for tumor grading 

F. Vergani, S. Hodgkinson, S. Patel, K. Rajwani, J. Knight, N. Sibtain, R. Gullan, K. Ashkan, 
R. Bhangoo, J. P. Lavrador 

King's College Hospital, London, United Kingdom 

Introduction: The implications of motor eloquent glioma grading on the excitability of the primary motor 

cortex (M1) and corticospinal tract (CST) is unknown. Understanding this interaction may shed further light in 

the preoperative grading of motor eloquent gliomas 

 

Methods: Retrospective cohort study of patients admitted for surgery with diffuse gliomas within motor 

eloquent areas. Inclusion criteria: age > 18 years old, motor eloquent location on preoperative MRI, post-

operative histological confirmation of diffuse intrinsic glioma. Preoperative nTMS with motor mapping of hand 

and lower limb was performed for all patients. The Cortical Excitability Score (CES 0 to 2 according to the 

number of abnormal interhemispheric resting motor threshold (RMT) ratios) was calculated for patients 

where bilateral upper and lower limb mapping was performed. The area and volume of cortical activation 

were calculated as well as the distribution of the normalized amplitude and latency of the motor evoked 

potentials. Demographic, clinical and nTMS-related variables were collected and compared across the WHO 

grading system for diffuse gliomas. 

 

Results: The unadjusted analysis revealed an increase in the latency of the motor evoked potential of the 

lower limb with an increase of the WHO grade (P = .038). The adjusted analysis confirmed this finding (P = 

.013) and showed a relation between the increase in the WHO and a decreased RMT (P = .037) of the motor 

evoked responses in the lower limb. When CES was calculated, an increase in the score was related with an 

increase in the WHO grade (unadjusted analysis-P = .0001) and in IDH wild-type gliomas (unadjusted 

analysis-P = .020). Among patients with non-contrast tumours, the area and volume of upper limb functional 

cortical activation decreased from healthy subjects to WHO grade 3 glioma patients. An abnormal iRMTr for 

the lower limbs (AUC=0.83, p=0.007) but not for the upper limbs (AUC=0.58, p=0.649) and a higher CES 

(AUC=0.72, p=0.003) were able to predict high grade lesions. A significant increase in the amplitude and 

decrease of latency in the MEPs for the FDI and ADM was identified from healthy subjects to WHO grade 3 

glioma patients. 

 

Conclusions: Higher WHO grading is associated with abnormal excitability in both contrast and non-

contrast enhancing motor-eloquent gliomas as well as higher amplitude and shorter latency in MEPs. This 

occurs alongside with a decrease in the area and volume of cortical activation of motor areas. 
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A-127 

Importance of Task Variety in Perioperative Language Mapping - Temporal Lesion 
Cases 

A.-K. Ohlerth1,2, R. Bastiaanse3, L. Kram2, B. Neu2, S. M. Krieg2,4 

1Max Planck Institute for Psycholinguistics, Neurobiology of Language, Nijmegen, The Netherlands, 2School of Medicine, Klinikum 

rechts der Isar, Technical University of Munich, Department of Neurosurgery, Munich, Germany, 3University Medical Center Groningen, 

Department of Neurosurgery, Groningen, The Netherlands, 4Technical University of Munich, TUM-Neuroimaging Center, Klinikum rechts 

der Isar, Munich, Germany 

Research Question: Is a language task, challenging word retrieval, more suitable for perioperative 

language mapping in a subgroup of patients, i.e., temporal lesion cases? 

 

Objective: The benefit of a variety of language tasks in perioperative language mapping has been proven by 

ample research. However, time constraints and fatigue of the patient do not allow the administration of a 

multitude of tests per single case. Therefore, a predefined choice of task according to the lesion site may not 

only accelerate the procedure, but meet the patient’s profile more closely in order to avoid postoperative 

language deficits.  

 

Here, we present seven cases of temporal lesions. Due to a high density of language network tracts in the 

temporo-parietal junction, these cases are particularly vulnerable to postoperative impairments, often leading 

to word-finding (retrieval) deficits: We propose that mapping language in these cases may profit from using a 

retrieval-heavy language task, that is a verb task, such as Action Naming in Sentence Context (AN). To 

investigate this, perioperative mapping results with AN were compared to results with the standard Object 

Naming (ON) task. 

 

Methods: Seven neurosurgical patients with temporal lesions of different grade underwent preoperative 

stimulation mapping with navigated Transcranial Magnetic Stimulation (nTMS) with each ON and AN in the 

left hemisphere. The overall number of errors and especially retrieval errors (showing a breakdown of 

retrieving a word and its meaning), as opposed to e.g., sound/articulation errors, were compared. Moreover, 

two patients underwent additional intraoperative mapping and verification of nTMS positive points as 

revealed by the two tasks. 

 

Results: A higher overall error rate with AN over ON was elicited in all cases, as was for retrieval errors. 

Intraoperative mapping results confirmed the eloquence of cortical tissue as predicted by AN, but not ON, in 

both intraoperative cases.  

 

Conclusion: The comparison of mapping results in these cases hints at the benefit of the AN task in 

mapping language, and in particular in mapping retrieval areas. This retrieval process might be challenged 

by the lesions already preoperatively and further damage may be avoided by delineating and sparing 

involved areas by mapping with AN. Postoperative data at follow-up is still needed to further confirm this 

claim. 
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Beginner's Tutorial: Brainlab Elements Fibertracking with Nexstim nTMS data 

J. Wermelinger 

Inselspital, Universitätsklinik für Neurochirurgie, Bern, Switzerland 

 

 
A Brainlab generated fiber bundle using Nexstim nTMS data 
 
Nexstim nTMS data can be imported into the Brainlab and used for Fibertracking. This short tutorial for 
beginners presents the necessary steps to go from nTMS data files to complete fiber bundle: 
1. Importing the Nexstim nTMS data into the Brainlab, 
2. Retrieving the appropriate files containing the nTMS stimulation coordinates (the dots), 
3. Fusion of the medical imaging (MRI, DTI) with the nTMS data, 
4. Creation of a 3D object based on the nTMS dots, 
5. Generation of the fiber bundle and selection of appropriate fibers. 
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Structural reorganization of motor function induced by motor-eloquent brain tumors 

Z. Gong1, H. Zhang1, M. Schwendner1,2, W. Zhang1, A. Schroeder1,2, B. Meyer1, S. M. Krieg1,2 

1Klinikum rechts der Isar, Technical University of Munich (TUM), Department of Neurosurgery, Munich, Germany, 2Klinikum rechts der 

Isar, Technical University of Munich (TUM), TUM-Neuroimaging Center, Munich, Germany 

Objective: Cortical plasticity is a mechanism to compensate for impairments induced by brain lesions in 

eloquent brain areas to preserve brain function. Most previous studies have focused on cortical plasticity on 

a functional level. However, changes related to eloquent brain functions on a structural level are of great 

importance in neurosurgical clinical practice. The present study focused on structural changes regarding the 

distribution of motor function in patients suffering from motor-eloquent brain tumors. 

 

Method: Patients with motor-eloquent brain lesions were enrolled into two groups based on the presence of 

motor deficits. All patients received nTMS motor mapping to identify cortical distributions of motor eloquent 

brain areas corresponding to the median nerve preoperatively. Distribution of nTMS motor-positive 

stimulation sites regarding the precentral gyrus (PrG), postcentral gyrus (PoG), middle frontal gyrus (MFG), 

superior frontal gyrus (SFG), and supramarginal gyrus (SMG) were compared between groups. Cortical 

excitability was analyzed regarding the resting motor threshold (rMT) and electric field (e-field) of M. abductor 

pollicis brevis. 

 

Results: Overall, 60 patients (33 malignant glioma, 27 metastases) among which 30 showed motor deficits 

of the upper extremities were included. The rate of nTMS motor-positive stimulation sites were significantly 

higher in patients suffering motor deficits when compared to patients without motor deficits for the PoG 

[90.0% vs. 63.3%, p= 0.0146] and SMG [30.0% vs. 3.3%, p= 0.0056]. In contrast, there were no significant 

intergroup differences in the distribution of motor-positive stimulation spots in PrG (p=1), SFG (p=0.3006), 

and MFG (p=0.7814) 

 
Intergroup analysis on distribution of motor-positive stimulation spots in gyri 
 
. For patients suffering from motor deficits, higher intensities regarding the rMT (35.7±2.0% vs 31.7±1.4%; 
p=0.1114) 
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Intergroup analysis of resting motor threshold (rMT) value 
 
and e-field (73.2±4.0V/m vs 60.1±3.0 V/m; p=0.0111) 

 

 
Intergroup analysis of electric field (e-field) value 
 
were found. 
Conclusion: In patients diagnosed with motor-eloquent brain lesions suffering from motor deficits, cortical 
excitability is reduced. Furthermore, the distribution of motor eloquent brain areas in patients with motor 
deficits might exceed the precentral gyrus – in this study motor eloquent brain areas where especially 
identified in the PoG and SMG in these cases. This indicates the importance of preoperative motor mapping 
especially in patients with impaired motor function to preserve motor function during resection. 
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The extension of nTMS motor regions measured by earth mover's distance 
suggests functional reorganization induced by motor-eloquent glioblastoma 

W. Zhang, H. Zhang, S. Ille, A. Schroeder, B. Meyer, S. M. Krieg 

Klinikum rechts der Isar der Technischen Universität München, Klinik für Neurochirurgie, München, Germany 

Objective: Low-grade glioma can induce functional reorganization of motor-eloquent cortex in the process of 

slow-growing tumor formation. However, functional plasticity in fast-growing glioma was rarely investigated. 

Whether motor reorganization occurs in patients with glioblastoma is still questioned. The current study, 

therefore, analyzes the distribution of hand motor regions in patients with glioblastoma by nTMS motor 

mapping. 

 

Methods: Patients with motor-eloquent glioblastoma and hand motor deficits (n=25) were compared to 

patients with glioblastoma without motor deficits (n=25). As a metric ratio of two distributions, earth mover's 

distance (EMD) can represent the dispersion degree of mapping regions. Distributions for the cortical 

representation of abductor pollicis brevis muscle (APB), abductor digiti minimi muscle (ADM), flexor carpi 

radialis muscle (FCR), and all three muscles together (ALL) were separately compared to the distribution of 

all muscles' common positive spots using EMD. Areas of cortical motor representations were also calculated 

for intergroup comparison.  

 

Results: EMD of APB regions was significantly higher in patients with hand motor deficits when comparing 

to patients without hand motor deficits (0.099±0.010 vs. 0.032±0.022, p=0.001). However, EMDs of 

representative regions of ADM (p=0.276), FCR (p=0.751), and ALL (p=0.805) were similar between patients 

with and without hand motor deficits. Still, areas of cortical motor representations were not significantly 

different for APB (197.71±116.64 mm2 vs. 172.41±123.73 mm2, p=0.337), ADM (257.32±218.71 mm2 vs. 

198.06±113.84 mm2, p=0.662), FCR (273.24±164.36 mm2 vs. 264.20±153.03 mm2, p=0.895), and ALL 

(375.66±218.60 mm2 vs. 360.96±162.67 mm2, p=0.984). 

 

Conclusion: The present study shows the higher possibility of functional motor reorganization induced by 

glioblastoma, especially in a muscle of higher functional proportion. A higher dispersion degree of APB 

mapping region in patients with motor deficits might be a marker for functional plasticity in the process of 

motor-eloquent glioblastoma formation. 
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Navigated transcranial magnetic stimulation in presurgical planning process of 
patients with intracranial meningiomas 

T. Eibl1, M. Schrey2, A. Liebert2, L. Ritter2, R. Lange3, M. Holtmannspötter4, H.-H. Steiner2 

1Paracelsus Medical University Nuremberg, Neurosurgery, Nurembeg, Germany, 2Paracelsus Medical University Nuremberg, 

Neurosurgery, Nuernberg, Germany, 3Paracelsus Medical University Nuremberg, Neurology, Nuernberg, Germany, 4Paracelsus Medical 

University Nuremberg, Radiology, Section Neuroradiology, Nuernberg, Germany 

Background: Preoperative planning and risk stratification are essential for successful treatment of 

intracranial tumorous lesions. Navigated transcranial magnetic stimulation (nTMS) for mapping of motor- and 

language-areas is a reliable and valid method for presurgical non-invasive mapping in patients with intra-

axial tumors. The utility of navigated transcranial magnetic stimulation mapping for patients with 

meningiomas is not fully investigated yet. 

 

Methods: Meningioma patients undergoing nTMS mapping for motor or language function (Nexstim NBS 5) 

between April 2016 and October 2022 were retrospectively reviewed. Clinical examinations, imaging studies, 

nTMS examinations and surgical protocols were analyzed. nTMS examinations were conducted according to 

common protocols, intraoperative monitoring of motor function was performed upon the surgeon’s 

preferences. 

 

Results: 32 patients (50% female) were included. Mean age was 62.3 ± 16.5 years. 10 patients (31.3%) 

presented with hemiparesis, 1 (3.1%) with isolated upper limb paresis, 3 (9.4%) with isolated lower limb 

paresis and 11 (34.4%) with seizures. Mean tumor volume was 43.4 ± 35.1 cm³. Two patients were assigned 

to a watch-and-wait strategy after nTMS mapping. Presurgical nTMS motor mapping was successfully 

conducted in all patients and 5 (15.6%) patients received additional mapping of language function. The 

precentral gyrus was compressed by the tumor in 17 (53.1%) cases. Mean rMT was 37.3 ± 14.1% of the 

system’s stimulator output and showed a trend towards higher values in patients with paresis (p=0.087) and 

compression of the precentral gyrus (p=0.057). Mapping of the leg motor area was possible in 23 (71.9%) 

patients and required higher absolute intensities if the primary motor cortex was compressed by the tumor 

(p=0.013). Tumor resection was aided by nTMS-based tractography in 23 (76.7%), intraoperative mapping 

with direct cortical stimulation was conducted in 8 cases (26.7%). At discharge, motor function deteriorated in 

8 patients (26.7%) whereas 5 patients (16.7%) improved. Deterioration in motor function was associated with 

compression of nTMS-hotspot gyri (p=0.039, Cramer’s V=0.41, OR=10.1, 95%CI=1.05-97.0), but not with 

the rMT (p=0.086). 

 

Conclusion: Navigated transcranial magnetic stimulation mapping served as a valuable prognostic tool for 

preoperative risk stratification. Larger cohorts and control groups are required to evaluate the benefits of 

nTMS in these patients. 
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Mapping of the supplementary motor area using repetitive navigated transcranial 
magnetic stimulation 

G. Kern1, M. Kempter1, T. Picht1,2, M. Engelhardt1,3,4 

1Charité - Universitätsmedizin, corporate member of Freie Universität Berlin and Humboldt-Universität zu Berlin, Department of 

Neurosurgery, Berlin, Germany, 2Cluster of Excellence Matters of Activity. Image Space Material, Humboldt-Universität zu Berlin, Berlin, 

Germany, 3Charité – Universitätsmedizin, corporate member of Freie Universität Berlin and Humboldt-Universität zu Berlin, Einstein 

Center for Neurosciences, Berlin, Germany, 4Charité – Universitätsmedizin, corporate member of Freie Universität Berlin and Humboldt-

Universität zu Berlin, International Graduate Program Medical Neurosciences, Berlin, Germany 

The supplementary motor area (SMA) plays an important role in both motor and language function yet may 

be inadvertently damaged due to growth of a lesion or surgical procedures. Recently, a protocol to map the 

SMA using repetitive navigated transcranial magnetic stimulation (rnTMS) has been proposed. The aim of 

this study was to validate and extend this protocol for both hemispheres and lower extremities.  

 

To this purpose, the SMA regions of both hemispheres were mapped based on a finger tapping task 

performance of 30 healthy subjects (35.97±15.11, range 21-67 years; 14 females) using rnTMS at 20 Hz 

(120% resting motor threshold (RMT)). Points with induced errors were marked on the corresponding MRI 

and a SMA hotspot was identified. For this hotspot, a bimanual finger tapping task and the Nine-Hole Peg 

Test (NHPT) were performed additionally. Further, the lower extremity was mapped using a toe tapping task 

at 20 Hz (140% RMT). 

 

In 24 out of 30 healthy subjects SMA mapping of the upper extremity was successful (13 bi-hemispherically, 

11 uni-hemispherically). Mean finger tapping scores were significantly reduced during stimulation (25.70 

taps) compared to baseline (30.48; p<0.01). Bimanual finger tapping led to a significant increase in taps 

during stimulation (28.43 taps) compared to unimanual tapping (p<0.01). Compared to baseline, a significant 

increase in completion time for the NHPT could be observed during stimulation (baseline: 13.6s, stimulation: 

16.5s; p<0.01). For the lower extremity, replicable errors could be induced in 28 out of 30 subjects in at least 

one hemisphere.  

 

The present study validated and extended an rnTMS-based protocol to map upper and lower extremity motor 

function over the SMA. Hence, this protocol could further be used to acquire a better understanding of the 

functional SMA organization and potentially help to improve preoperative planning for patients with lesions 

within this region. 
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AI based automated risk assessment in brain tumour surgery 

T. Rosenstock1,2, B. Shams1,3, S. Khorasani3, L. Fekonja1,4, E. Coban1, L. Fischer1, P. 
Vajkoczy1, C. Lippert3, T. Picht1,4 
1Charité - Universitätsmedizin Berlin, Department of Neurosurgery, Berlin, Germany, 2Berlin Institute of Health at Charité (BIH), BIH 

Biomedical Innovation Academy, Berlin, Germany, 3Hasso-Plattner Institut, Potsdam, Germany, 4Humboldt University, Cluster of 

Excellence: “Matters of Activity. Image Space Material”, Berlin, Germany 

Objective: Recently, a regression tree analysis using data from navigated transcranial magnetic stimulation 

(nTMS) and diffusion tensor imaging (DTI) has been established to predict postoperative motor outcome in 

brain tumor surgery. However, clinical application requires human resources, technical requirements, and 

expertise. The aim of our study was to establish an automated pipeline using advanced methods as well as 

deep learning-based models, providing automated risk assessment for the motor outcome and saving the 

above-mentioned resources. 

 

Methods: In this pilot study, a consecutive prospectively collected cohort of 49 patients with motor 

associated glioma were included. All patients underwent MRI and nTMS motor mapping prior to surgery. The 

automated pipeline is structured as follows: 1.) preprocessing of all MRI data (e.g. skull stripping, co-

registration) using Freesurfer, nibabel, ANTs and FSL, 2.) automated tumor segmentation using 

convolutional neural networks, 3.) automated motor cortex segmentation using FastSurfer, 4.) preprocessing 

of DTI data including denoising, gibbs-ringing removal and bias correction using Mrtrix3, 5.) automated 

tractography of the corticospinal tract using TractSeg and Mrtrix3 and 6.) automated measuring of the tumor-

tract-distance and estimating motor cortex infiltration. 

 

Results: Preoperative nTMS motor mapping prior to tumor resection was performed successfully in all 

patients (median age: 54; female: 18). Of those, 32 suffered from glioblastoma (WHO IV), 10 from WHO III 

astrocytoma, 2 from WHO II astrocytoma, 4 from WHO II oligodendroglioma and 1 from dysembryoplastic 

neuroepithelial tumor (DNET). Contrast enhanced tumor was detected in 38 patients. Peritumoral edema 

was present in 39 cases. 29 patients have gone through our proposed automated pipeline. Tractography 

was performed successfully on 21 patients. The segmented bundles or ending ROIs by TractSeg were 

manually dilated for performing tractography for 4 patients. Tractography was not successful in 4 patients 

due to large lesion or invasion of healthy hemisphere.  

 

Conclusions: Automated risk stratification in brain tumor surgery is a use case for standardizing clinical 

patient care, improving treatment quality, and economizing medical resources. Through the pipeline, more 

patients will benefit from differentiated preoperative planning that has been shown to lead to better functional 

and oncologic outcomes.  
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Differential effects of linguistic stimuli: Evidence from VLSM and TMS 

E. Ntemou1,2, M. Tuncer1, K. Reisch1, L. Burkel1,2, P. Vajkoczy1, R. Jonkers2, K. Faust1, T. 
Picht1, A. Rofes2 
1Charité – Universitätsmedizin Berlin, Neurosurgery, Berlin, Germany, 2University of Groningen, Neurolinguistics and Language 

Development, Groningen, The Netherlands 

Objective: People with tumors in specific brain sites of the left hemisphere might face difficulties in tasks 

with different linguistic material. Navigated Transcranial Magnetic stimulation (nTMS) and Direct Electrical 

Stimulation (DES) has been used to indicate that the production of different semantic categories (e.g., 

objects vs actions) engages different cortical regions. However, to this date the influence of linguistic 

characteristics of the same semantic category on VLSM findings or TMS mapping results has not yet been 

examined. 

 

Methods: In this study, we investigated whether (1) performance on tasks with different linguistic stimuli 

varies according to tumor location, and (2) whether differences in linguistic stimuli impact the outcome of 

nTMS presurgical language mapping. Fifty-two patients with language eloquent gliomas were entered in a 

VLSM study, and 40 people (20 brain tumor patients and 20 healthy individuals) were entered in a nTMS 

study. 

 

Results & Conclusion: The VLSM results indicate that people with lesions in left inferior parietal regions 

and the arcuate fasciculus produce single words and sentences with increased difficulty. However, lesions in 

posterior temporal regions and the inferior longitudinal fasciculus affect performance on compound words 

(e.g., mailbox) (see Figure 1 - top). The nTMS data from healthy individuals indicate that only posterior 

temporal regions result in more errors during naming of more complex verbs (i.e., transitive vs intransitive 

verbs). The nTMS data from patients indicate that more language-positive sites are identified when using 

actions with specific linguistic characteristics (i.e., transitive actions vs intransitive action; see Figure 2 - 

bottom). From a neuroscientific perspective, these results stress the role of left temporoparietal areas in 

language processing and emphasize the relevance of subcortical pathways. From a clinical perspective, we 

highlight that linguistic stimuli influence the sensitivity of our language assessments and the results of pre-

operative nTMS language mappings. 

 

 
VLSM results for subcortical correlates that affect production of objects, sentences and compounds. The left panel shows the AF(blue), 
shared voxel clusters for both tasks(white) and non-overlapping voxels for sentence production(pink). The right panel shows the 
ILF(red), the IFOF(green) and voxels for performance on compound production(light blue). 
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nTMS patient data: Percentages of language-positive points for frontal (blue), parietal (green), and temporal (yellow) stimulations 
according to action type (transitives – left; intransitives – right). 
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Feasibility and inter-rater reliability of a novel paired-pulse language mapping 
paradigm 

J. Fischer1, M. Schwendner1,2, B. Meyer1, S. M. Krieg1,2, S. Ille1,2 

1Klinikum rechts der Isar, Technical University of Munich (TUM), Department of Neurosurgery, School of Medicine, 81675 Munich, 

Germany, 2Klinikum rechts der Isar, Technical University of Munich (TUM), TUM-Neuroimaging Center, 81675 Munich, Germany 

Background: Repetitive navigated transcranial magnetic stimulation (rTMS) is frequently employed for 

preoperative language mapping in patients with language eloquent brain tumors. Recently advantages of a 

biphasic paired pulse stimulation (ppTMS) have been demonstrated for motor mapping. Still, its applicability 

to language mapping needs yet to be established. Thus, this pilot study examines the feasibility and 

reliability of ppTMS language mapping compared to our standard rTMS protocol. 

 

Method: Five healthy, right-handed subjects (3 female, age 26.6±3.8 years), underwent conventional 5Hz 

rTMS as well as ppTMS mapping with an inter-stimulus interval of 1.4ms. Pain was measured with a numeric 

rating scale (NRS). Analysis agreement between a TMS rater and a language therapist were analyzed. The 

localization of language relevant cortical areas was compared. 

 

Results: The inter-rater reliability was significantly substantial in both cases (Cohen’s Kappa – values close 

to 1 indicating high reliability - κpp=0.794, κr=0.754, p<0.001). Between protocols no major difference of the 

overall mean error rate (ER) was substantiated, however distribution of mean ERs across subjects was more 

heterogeneous in rTMS mapping groups with higher mean ERs especially regarding frontal and temporal 

stimulation sites (ERpp=0.071±0.030, ERr=0.087±0.058, p=1). For ppTMS, pain was rated with a mean NRS 

of 3.2±2.2 compared to 6.8±2.2 for rTMS (p=0.063), mainly due to a higher number of muscle contractions 

during rTMS.  

 

Conclusion: These preliminary findings suggest overall ERs and inter-rater reliability to be comparable 

between protocols. There was a tendency towards more homogenous ERs in ppTMS, which could indicate 

that it is less susceptible to false-positive results causing low specificity with rTMS. Further studies are 

warranted to identify optimal stimulation parameters for this novel language mapping protocol. 
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Quantitative analysis of speech onset and object naming in rTMS-guided language 
mapping 

R. Loução1, S. Salgai1, J. Pieczewski1, V. Neuschmelting1, C. Grefkes2,3, R. Goldbrunner1, K. 
Jonas4, C. Nettekoven1, C. Weiss-Lucas1 
1Faculty of Medicine and University Hospital Cologne, Centre of Neurosurgery, Cologne, Germany, 2Research Centre Jülich, Institute of 

Neurosciences and Medicine (INM3), Jülich, Germany, 3Faculty of Medicine and University Hospital Cologne, Department of Neurology, 

Cologne, Germany, 4Faculty of Human Sciences, University of Cologne, Department of Special Education and Rehabilitation, Cologne, 

Germany 

Objective: In preoperative language mapping, repetitive transcranial magnetic stimulation (rTMS) is usually 

accompanied with an assessment of picture naming (PN) task performance. The most frequent rTMS-

induced behavioral outcome is a delay of the expected naming response. However, delay ratings are often 

critised for being observer-dependent. In this study, we explored quantitative properties of the delay ratings, 

such as variability and potential cut-off values. Moreover, we aimed to elaborate the differences in delay 

distribution across different brain regions, comparing sentence onset and item naming. 

 

Methods: Twelve healthy, native German volunteers underwent concurrent rTMS and PN task. Video 

recordings of the sessions were analysed offline. Two time points were considered: the time at sentence 

onset (T1) and the time at item naming (T2). In addition to the visual/auditive video assessment by two 

independent raters providing a qualitative outcome assessment, the exact times of T1 and T2 were manually 

measured by a third rater using a sound editing software. The stimulation coordinates were exported from 

the rTMS device and were projected on a standard brain for spatial distribution assessment. 

 

Results: A total of 5396 stimulations were performed across all subjects, of which 48 (1%) resulted in a 

delay onset response, and 327 (6%) in a delay item response. 

The average T1 was 716 ± 110 ms for responses qualitatively rated as delayed (versus 416 ± 91 ms for non 

delayed onset events). The difference T2-T1, however, was 679 ± 159 ms for responses rated as delays 

(and 477 ± 96 ms for non delayed item responses). 

As for the spatial distribution of stimulations of each category of delays, the delay onset responses were 

predominantly elicited by stimulation to a close set of areas, which included the central sulcus and precentral 

gyrus. In contrast, delayed item responses were observed after stimulation of a larger set of regions, which 

included the IFG, MFG and STG. 

 

Discussion: Our results suggest that sentence delays are often related to rTMS over (primary and 

secondary) motor regions, which could hold potential value in differentiating from errors related to other parts 

of the language networks. Conversely, object naming delays are less often related to motor areas, but rather 

to “classical” regions within the language network. 
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nTMS-aided integration of motor-eloquent brain areas for adjuvant radiotherapy 
treatment planning in malignant brain tumors 
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Background: Preoperative nTMS-based fiber tracking (nTMS-FT) of motor- and language function is 

routinely applied in surgery of eloquent brain tumors. This study evaluates the implication of eloquent brain 

areas in radiotherapy treatment (RT) planning.  

 

Method: Preoperatively performed nTMS-FT of motor eloquent brain areas was performed. Fiber tracts were 

then incorporated into the RT planning system as an organ at risk (OARnTMS) and merged with planning 

imaging. Intensity-modulated RT (IMRT) plans were optimized to preserve OARnTMS. Segments within the 

planning target volume (PTV) were not spared. 

 

Results: Overall, 60 cases (35 HGG, 25 brain metastases) were included in this study. For HGG, mean 

dose of the OARnTMS was reduced by 17.1% (range 0.1-37.9%; p<0.001) from 25.5 Gy to 21.2 Gy. 

Considering only volumes of the OARnTMS within the 50% isodose level, Dmean was reduced by 46.7% from 

38.6 Gy to 20.5 Gy (range 19.1-62.8%, p < 0.001).  

For brain metastasis, mean dose of the OARnTMS was reduced by 24.7% (range, 4.4 – 76.7% p<0.001) 

from[CD1] 5.2 ± 2.4 Gy to 3.8 ± 1.8 Gy (p<0.001). For volumes of the OARnTMS within the 50% isodose 

level, Dmean decreased by 33.0% from 23.4 ± 3.3 Gy to 15.9 ± 4.7 Gy (range, 5.9–57.6, p < 0.001).  

In all cases, PTV coverage was not affected and dose constraints for all conventional organs at risk (OARs) 

were all met. 

 

Conclusion: Integration of motor-eloquent brain areas identified by the means of nTMS-FT offers a new way 

for individual RT planning – significant improvements from a dosimetric point of view can be achieved. 

However, the clinical impact still needs to be further validated by clinical outcome measures. 
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EEG functional connectivity to inform brain state-dependent stimulation 

L. Marzetti, V. Pizzella 

University of Chieti Pescara, Department of Neuroscience, Imaging and Clinical Sciences, Chieti, Italy 

In the recent years, state-dependent non-invasive transcranial brain stimulation informed by 

electroencephalography (EEG) has contributed to the understanding of the inter-subject and inter-session 

variability of TMS effects (Bergmann, 2018). The brain state before the stimulation has been largely 

assessed by looking at the spectral characteristics of the EEG at the channels nearby the stimulation site 

(Mäki and Ilmoniemi, 2010). Specifically, studies have identified brain states from local characteristics of the 

EEG, such as signal power or phase (Zrenner et al., 2018; Madsen et al., 2019; Schilberg et al., 2021). 

In parallel with these advances, neuroscience has seen a paradigm shift from a modular view, in which 

different functional units act as independent processors, to a large-scale network view, in which dynamic 

interactions between brain areas are crucial for cognition and behavior (Bressler and Menon, 2010). In this 

framework, a brain state can be described as the evolving dynamics of one or more large-scale networks 

(Kringelbach and Deco, 2020). Several studies have investigated the effects of stimulation on brain networks 

and, more in general, on remote regions connected to the stimulation site (Beynel et al., 2020). However, 

while the techniques for connectomic neuromodulation studies appear mature (Horn and Fox, 2020; Ozdemir 

et al., 2020), scarce evidence has been provided, so far, for the impact of network state dynamics on 

stimulation effects. 

We present a proof-of-concept study aimed at filling this gap by using concurrent EEG and TMS to 

investigate, in source-level EEG, the synchronization of the motor network and the relation between its 

momentary connectivity state and the effects of TMS assessed by the amplitude of the motor evoked 

potential (MEP). We show that, at single-subject level, TMS pulses delivered at high motor network 

connectivity states result in a greater MEP amplitude compared to pulses delivered at low connectivity states 

(p=0.01, one-tail paired-sample t-test). This study paves the way for individualized connectivity-informed 

state-dependent stimulation. 
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nTMS-EEG mapping of different cortical networks 

P. Lioumis1, E. Ukharova1, S. Sathyan1, I. Gränö1, T. Roine1, V. Souza1, D. B. Aydogan2, R. 
Ilmoniemi1 
1Aalto University Scool of Science, Neuroscience and Biomedical Engineering, Espoo, Finland, 2A.I. Virtanen Institute for Molecular 

Sciences, University of Eastern Finland, Kuopio, Finland 

Transcranial magnetic stimulation (TMS) is a non-invasive technique to probe cortical excitability. TMS 

combined with neuronavigation and individual anatomy (MRI) makes motor and speech cortical mapping 

accurate and reliable for basic research and for clinical applications. Moreover, navigated TMS (nTMS) can 

be combined with electroencephalography (TMS–EEG), enabling standardized and reproducible studies 

across subjects based on task-relevant, personalized anatomical and neurophysiological priors. These 

advancements have made TMS a well-established and clinically approved technique for presurgical 

evaluation (nTMS in motor and speech cortical mapping) and for the treatment of major depressive disorder 

(MDD), as well as a promising research method for finding biomarkers, e.g., in MDD, in brain development 

and neurodegeneration. In this talk, we will describe how other advanced neurophysiology and neuroimaging 

techniques such as magnetoencephalography, fMRI, and real-time diffusion MRI-based tractography can 

further promote nTMS–EEG mapping of different cortical networks (e.g., default, speech, and MDD 

networks). We will also introduce how structural neuroimaging and EEG can guide nTMS to identify reliable 

biomarkers of brain disorders. Lastly, we will show how these technologically advanced tools can be utilized 

for the newly designed multi-locus TMS that can lead to automatized brain stimulation protocols. 
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Decrypting the motor-evoked potential in the frequency domain 

G. Naros, K. Machetanz, E. Weinbrenner, S. Wang, M. Liebsch, T. Leao, M. Tatagiba 

Eberhard Karls University, Department of Neurosurgery and Neurotechnology, Tuebingen, Germany 

Background: The integrity of the motor system can be examined by applying navigated transcranial 

magnetic stimulation (nTMS) to the cortex. The corresponding motor-evoked potentials (MEP) are mirroring 

the status of the human motor system. Conventional time domain features of MEP (i.e., peak-to-peak 

amplitudes and onset latencies) exert a high inter-subject and intra-subject variability. Frequency domain 

analysis might help to resolve or quantify disease-related MEP changes, e.g. in brain tumor patients. The 

aim of the present study was to describe the time-frequency representation of MEP in brain tumor patients, 

its relation to clinical findings and the differences to healthy subject. 

 

Methods: This prospective study examined nTMS effects in patients with diffuse glial tumors and healthy 

controls. MEP were evaluated in the time series and frequency domain. After transformation using a Morlet 

wavelet approach, event-related spectral perturbation (ERSP) and inter-trial coherence (ITC) were calculated 

and compared to the motor status captured by the Medical Research Council Scale (MRCS) and the 

Grooved Pegboard Test (GPT). 

 

Results: The MEP was characterized by a spectral and phase synchronization of wide-band EMG activity 

(~100-300 Hz). Motor competent subjects had similar ERSP and ITC values. The presence of a motor deficit 

was associated with a reduction of ERSP and ITC. IDH-mt gliomas demonstrated an increased ERSP of the 

peritumoral brain tissue compared to IDH-wt gliomas, well beyond the tumor border. Notably, groups were 

indistinguishable based on conventional MEP features. 

 

Conclusion: Time-frequency analysis of MEP provide additional information concerning the status of the 

corticospinal system, beyond classical time domain features. There is evidence that brain tumors affect 

cortical physiology and the responsiveness of the peritumoral cortex to TMS. 
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Neurological motor rehabilitation - current status and latest protocol developments 
of spinal cord injury patients' rehabilitation with PAS 

A. Shulga1, P. Lioumis2, E. Kirveskari3, S. Savolainen4, J. Mäkelä4 

1Helsinki University Hospital, Spinal Cord Injury Center, Helsinki, Finland, 2Aalto University, Helsinki, Finland, 3Helsinki University 

Hospital, Clinical Neurophysiology, Helsinki, Finland, 4Helsinki University Hospital, Helsinki, Finland 

A multitude of therapeutic approaches has been developed for spinal cord injury (SCI), but few have 

progressed to regular clinical practice. Novel non-invasive, cost-effective, and feasible approaches to treat 

this challenging condition are needed. Non-invasive stimulation techniques provide an attractive possibility to 

activate and strengthen residual neural connections after incomplete SCI. 

 

Paired associative stimulation (PAS) is a combination of transcranial magnetic stimulation (TMS) and 

peripheral nerve stimulation (PNS). We developed a novel variant of this technique called high-PAS, which 

consists of high-intensity TMS and high-frequency PNS. This presentation is based on our recent review, 

summarising clinical results and the results of protocol optimization in healthy subjects. 

 

Twenty-nine patients with chronic incomplete SCI with wide range of injury severity, age, and time since 

injury received high-PAS to upper or lower limbs in several case series and studies. High-PAS sessions to 

multiple peripheral nerve - motor cortex pairs were applied 3-5 times per week for 4-12 weeks (longer in 

some cases). We documented significant increases in manual motor scores (MMT) of upper and lower limbs, 

functional hand tests, walking tests, and measures of functional independence. To confirm clinical results 

and to expand the use of the method from chronic to subacute stage, we are currently conducting a double-

blind sham-controlled randomized clinical trial in subacute SCI patients (20 patients). 

 

We optimized PAS settings in several healthy subject studies, investigating most optimal PAS frequency, 

PNS intensity and frequency, and combinations of PAS with other non-invasive stimulation methods. By now 

the most optimal protocol is 0.2 Hz PAS with 100 Hz PNS component and TMS given at 100% stimulator 

output. The protocol works in a stable and reproducible way and is not highly sensitive to moderate errors in 

mapping and interstimulus interval determination. 

 

High-PAS is a promising new approach for enhancing motor rehabilitation outcomes after incomplete SCI. 

We continue studies in healthy subjects to further optimize the stimulation protocol. 

 

Reference: Shulga A, Lioumis P, Kirveskari E, Savolainen S, Makela JP. A novel paired associative 

stimulation protocol with a high-frequency peripheral component: a review on results in spinal cord injury 

rehabilitation. Eur J Neurosci. 2021 

  

Further information and publication list: www.helsinki-pas-project.com 

http://www.helsinki-pas-project.com/
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Could cTBS therapy affect the plasticity of speech area in close proximity of low-
grade glioma? - case study 

G. Sebestyen1, V. Tamás1, F. Balogh1, Z. D. Magyar-Sümegi1, M. Csendes1, D. Lendvai-
Emmert1, B. Kolumbán1, P. Tóth1, A. Büki2,3 
1University of Pecs, Department of Neurosurgery, Pécs, Hungary, 2University of Örebro, Department of Neurosurgery, Örebro, Sweden, 
3Szentágothai Research Centre, Neurotrauma Research Group, Pécs, Hungary 

Treatment of tumours in the vicinity of the speech centre carries a high risk of morbidity. Several research 

groups are studying the reorganisation processes caused by lesions in this area. In the present case study, 

we tested whether the stimulation of areas responsible for functionally active speech in the close proximity of 

the tumour by continuous theta burst stimulation (cTBS) in the preoperative phase can influence the 

plasticity of the area, in order to reduce the chance of postoperative morbidity. 

 

After a grand mal epileptic seizure of the 31 years old male, MRI showed a dominant hemispheric, 4x8.5x5 

cm low-grade glioma, involving the insula.  

 

 
Patient's preoperative MRI a.) axial view of FLAIR b.) saggital view of T1 MPRAGE 
 
The lesion was anatomically located in the frontal lobe near the motor speech centre. In spite of that, the 

patient had no other symptoms, including no speech disorder according to WAB. 

 

According to our plan the safe resection was to be achieved by suppressing active speech areas close to the 

tumour with cTBS (50 Hz/600 pulses, intensity 100% of resting motor threshold). To investigate the cortical 

speech activation functional MRI and navigated TMS (nTMS) were elicited.  
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FMRI (yellow areas) and nTMS (spots: green=active stimulation, gray=not active stimulation) mapping before therapy 
 
The most functionally active points aka hot spots were defined where the fMRI and nTMS results overlapped 
each other. The inhibitory effect was delivered to two hot spots for 10 consecutive days. To enhance the 
supposed effect, our patient named pictures during the stimulation. After the therapy, fMRI and nTMS were 
done again.  

 

 
FMRI (yellow areas) and nTMS (spots: green=active stimulation, gray=not active stimulation) mapping after therapy 
 

The operation was performed in sleep-awake-sleep surgery with the participation of a neuropsychologist and 
used cortical, and subcortical stimulation (bipolar stimulator, 2 mA initial current, 50 Hz stimulation). 
 
The pre- and post-therapeutic fMRI showed no significant difference on the focus area. The nTMS activity, 
shown during the pre-therapy assessment, completely disappeared at the end of therapy. Which outcome is 
reliable? The direct cortical stimulation verified the results of nTMS. Intraoperatively, minimal changes in 
prosody and paraphasias in the fMRI area were only obtained with a 14 mA stimulation current, but still no 
evidence of severe speech impairment. 
 
The nTMS diagnostic and therapeutic procedures should be incorporated into the preoperative and operative 
management of low grade gliomas. Further studies should verify its role in the planning and executing 
tumour removal in order to achieve safe resection margins with maximal resection. 
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Neuromodulation in brain tumor patients 

M. Engelhardt1,2,3, H. Schneider1, J. Reuther1, P. Vajkoczy1, T. Picht1,4, T. Rosenstock1 

1Charité - Universitätsmedizin Berlin, Department of Neurosurgery, Berlin, Germany, 2Charité - Universitätsmedizin Berlin, Einstein 

Center for Neurosciences, Berlin, Germany, 3Charité - Universitätsmedizin Berlin, International Graduate Program Medical 

Neurosciences, Berlin, Germany, 4Humboldt Universität zu Berlin, Cluster of Excellence. Matters of Activity, Berlin, Germany 

The extent to which a brain tumor can be surgically removed has a crucial influence on the survival of 

patients after surgery. Surgical resection of motor eloquent tumors poses the risk of causing postoperative 

motor deficits, thus potentially limiting the extent of resection. To optimally treat patients and increase the 

extent of resection, both prevention of new and treatment of existing motor deficits is crucial. 

 

To study these hypotheses, two distinct studies have been designed. The aim of the PRECON study is to 

investigate whether preoperative repetitive navigated transcranial magnetic stimulation (rTMS) can lead to a 

reorganization of the motor areas at risk during surgery. Patients with tumors in movement-relevant areas or 

close to them are included, as they are at high risk for postoperative paralysis. They receive 30 minutes of 

twice daily rTMS (1Hz, 110% RMT) or sham stimulation over the individually available preoperative period (5 

- 28 days) followed by a short motor training of 10 minutes. This preconditioning before surgery aims to 

downregulate parts of the motor cortex, thereby facilitating recruitment of other pathways. 

 

To investigate the efficacy of rTMS for treatment of existing motor deficits, 30 patients received seven days 

of rTMS (1Hz, 110% RMT, 15 minutes) or sham stimulation to the motor cortex contralateral to the injury 

followed by physical therapy. There was no difference between both groups three months postoperatively. 

However, the stimulation group presented with better motor outcomes immediately after the treatment and 

one month postoperatively. Thus, rTMS did not improve overall motor function, but facilitated the recovery 

process in brain tumor patients after surgery. 

 

Taken together, rTMS seems to be a promising therapy option for treatment and potentially prevention of 

motor deficits in brain tumor patients. Facilitating a reorganization of motor function could allow a more 

extensive and safer removal of the tumor while preserving neurological function. Together with an 

individualized treatment of postoperative deficits, this would improve both survival and quality of life of our 

patients. 
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Treatment of Pain Patients with Repetitive Transcranial Magnetic Stimulation of 
Primary Motor Cortex and Secondary Somatosensory Cortex – A Retrospective 
study 

R. Rieppo1, V. Mannila2, E. Kirveskari2, S. Vaalto2,3 
1Department of Clinical Medicine, Helsinki University, Helsinki, Finland 2Department of Clinical Neurophysiology, HUS Diagnostic 

Center, Helsinki University Hospital and Helsinki University, Helsinki, Finland, 3Department of Neuroscience and Biomedical 

Engineering, School of Science, Aalto University, Espoo, Finland 

Aim: Our aim was to study the effect of rTMS treatment and different treatment targets, especially primary 

motor cortex (M1) and secondary somatosensory areas (S2), in patients suffering neuropathic pain. 

 

Material and methods: The chronic pain patients included in this study received rTMS treatment in the 

Department of Clinical Neurophysiology in Helsinki University Hospital between years 2019 and 2021. A total 

of 66 patients (47 females, age range 14-82 yrs) were included. The patients were evaluated and admitted to 

the rTMS treatment in the outpatient pain clinic by physicians with expertise in pain treatment. Intensive 

treatment period consisted of 5 or 10 daily sessions of HF-rTMS (10 Hz) targeted to motor representation 

area (M1) of painful limb / side of the face. In the case of no response after the first five treatment days the 

target was changed to the secondary somatosensory cortex (S2) contralateral to the pain side. So called 

maintenance treatment consisted of less frequent 

visits to hospital and the duration of this treatment period was 6 months. Patients used numerical rating scale 

(NRS) 0-10 in describing the level of pain and pain disturbance of sleep. 

 

Results: The treatment effect was divided into four categories for both the intensive and maintenance 

treatment: NRS decrease at least 30% (evening and morning scores), EM-responder (NRS decrease at least 

30% in the evening or morning), NRS decrease less than 30% with some other benefit and nonresponder. 

50 of the 66 (76%) patients were responders after the intensive treatment period. 20 (30%) of the patients 

experienced an NRS decrease of at least 30% at the end of the intensive treatment period. 46 of the 50 

responders continued to the maintenance treatment. 27 of the 46 (59%) patients who continued to the 

maintenance treatment were responders after the maintenance treatment period. 12 (26%) of the patients 

experienced an NRS decrease of at least 30% at the end of the maintenance treatment. Females responded 

significantly more likely than males in intensive treatment period (p=0.013). For responders, the NRS 

decrease at the end of the intensive treatment period did not vary significantly by treatment location, pain 

location or pain etiology (p > 0.05). The treatment location (M1 or S2) for responders after the intensive 

treatment period did not vary significantly by pain type (p > 0.05). For responders, the NRS score decrease 

at the end of the maintenance treatment period did not vary significantly by treatment location, pain location 

or pain type (p > 0.05). The NRS decrease at the end of the maintenance treatment period for those who 

experienced an NRS decrease of at least 30% at the end of the intensive treatment period did not vary 

significantly by treatment location, pain location, pain type or gender (p > 0.05). The NRS decrease at the 

end of the intensive or maintenance treatment period did not vary significantly by right or left S2 as the target 

(p > 0.05). 

 

Discussion: Relative effect is achieved for most of the rTMS treated pain patients and 30% of patients 

described at least 30 % pain decrease. Both targets, M1 and S2, are good to be used without significant 

differences between the effect. Also, in our study, left and right S2 (always contralateral to pain side) were as 

effective even if right S2 has been mainly used in previous pain studies. 
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Investigating central mechanisms of repetitive neuromuscular magnetic stimulation 
as a novel migraine treatment using diagnostic nTMS mapping of the upper 
trapezius muscle 

C. Börner1,2,3, S. Schramm2,3, M. Reichert2,3, E. Zaidenstadt1, S. Krieg3,4, F. Heinen1, M. 
Landgraf1, N. Sollmann2,3,5, M. Bonfert1 
1LMU Hospital, Dr. von Hauner Children's Hospital, Division of Pediatric Neurology and Developmental Medicine and LMU Center for 

Children with Medical Complexity, Munich, Germany, 2Department of Diagnostic and Interventional Neuroradiology, School of Medicine, 

Klinikum rechts der Isar, Technical University of Munich, Munich, Germany, 3TUM-Neuroimaging Center, Klinikum rechts der Isar, 

Technical University of Munich, Munich, Germany, 4Department of Neurosurgery, School of Medicine, Klinikum rechts der Isar, 

Technical University of Munich, Munich, Germany, 5Department of Diagnostic and Interventional Radiology, University Hospital Ulm, 
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Introduction: Approximately 12% of the population are affected by migraine and there is an urgent need for 

non-invasive, non-pharmacological treatments. Repetitive neuromuscular magnetic stimulation (rNMS) 

targeting to the upper trapezius muscles (UTM) has demonstrated beneficial effects in episodic migraine, 

hypothesized to be delivered via the trigemino-cervical complex. However, randomized, sham-controlled, 

and multiparametric diagnostic studies are needed to prove its efficacy and identify mechanisms of action on 

peripheral and central levels. 

 

Aim: We present our diagnostic navigated transcranial magnetic stimulation (nTMS) protocol of the MagMig 

study (DRKS00024470), which aims to identify differences in the cortical representation of the UTM after 

rNMS treatment compared to baseline in migraine patients and healthy controls. 

 

Methods: We are recruiting 18-35 years old healthy controls and patients with frequent episodic migraine, 

who have at least one myofascial trigger point (mTrP) in the UTM as sign of muscular involvement very 

frequently reported in patients with migraine. Subjects are randomly allocated to receive a 2-week verum 

treatment with a rNMS device or sham treatment. Before, after, and 3 months after rNMS treatment, 

participants receive a diagnostic nTMS motor mapping to identify the cortical representation of the UTM. 

Surface electrodes are placed bilaterally above two reference points on the UTM (1/3 and 2/3 of the distance 

between C7 and the acromio-clavicular joint) as well as on the biceps muscle. Singe-pulse nTMS is used to 

determine the resting motor threshold (rMT) of the UTM and the motor mapping is done with an intensity of 

105% rMT. In addition, excitatory and inhibitory phenomena of nTMS of the UTM will be evaluated. 

 

Preliminary Results and Impact: At the time of the conference, data regarding the feasibility and the 

cortical representation of the UTM will be available. More specifically, we will be able to show the first nTMS 

baseline data of healthy controls and patients with episodic migraine. Outcomes of the MagMig study may 

pave the way to better understand rNMS’ mode of action. 
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Over 400 patients with Major Depressive Disorder treated with nrTMS: Latest clinical 
outcomes 

J. Laine 

Nexstim Plc, Helsinki, Finland 

Background: Treatment of Major Depressive Disorder (MDD) by targeting excitatory high frequency (10Hz 
or iTBS) rTMS to the left dorsolateral prefrontal cortex has been established as safe and effective in adult 
patients who have failed to respond to pharmaceutical therapy in their current episode of MDD. In the U.S.A. 
the treatment was first cleared by the FDA in 2008 and since then tens of thousands of patients have been 
treated. The results have been good with patient-reported remission and response rates of 29.7-36.2% 
(remission), and 62.7-70.4% (response) published for a large >3800 patient series of patients completing 
clinical open label rTMS treatment. However, the reported results have been obtained with non-navigated 
rTMS devices and data with nrTMS is lacking. 

 
Methods: Anonymized data on treatment of MDD were prospectively collected in a registry. Data on 
baseline characteristics, treatment paradigms used and clinical outcomes measures were submitted by 8 
clinics providing clinical nrTMS therapy for MDD in the U.S.A.. Both patient-reported (Patient Health 
Questionnaire - 9, PHQ9) and clinician rated (Montgomery-Åsberg Depression Rating Scale (MADRS) 
outcome measures were collected. Remission was defined as PHQ-9 score of 5 or less and MADRS score 
of less than 10. Clinical response was defined as a decrease of >50% on MADRS or a PHQ-9 score of <10. 
 

Results: Data of 407 patients completing a treatment course for MDD were analyzed. 58% of patients were 
female and the mean age was 47.7 years. The average patient reported PHQ9 depression symptom severity 
score was 20.9 at baseline and decreased to 6.7 by end of treatment (p<0.01) (range of score 0 to 27 with 
higher scores indicating more severe symptoms). 

 
Based on PHQ9 scores 202 of the 407 patients (49.6%) were in remission and 309 (75.9%) had obtained a 
clinical response at the end of treatment. 

 
Clinician rated remission and reponse rates were higher than those based on patient reported measures. 
The average general impression of receiving nrTMS treatment reported by the patients having completed the 
treatment was very positive with a mean score of 9.3 on a scale from 0 to 10 (10 = best possible). 

 
Conclusion: The results demonstrate the effectiveness and patient acceptability of nrTMS therapy for MDD. 
Direct comparison to results reported for non-navigated rTMS is not possible but the remission and response 
rates obtained with nrTMS seem higher.
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Theta burst stimulation for the treatment of major depressive disorder: preliminary 
results from a Finnish private clinic 

H. Karlsson1,2, A. Holm1,3 
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Turku, Turku, Finland 

Objectives: Major depressive disorder (MDD) is the leading cause of disability in the world, but 

pharmacological treatments of MDD are often ineffective and may cause unwanted side effects. In the 

Finnish private clinic Recuror, we have started using repetitive transcranial magnetic stimulation (rTMS) with 

intermittent theta-burst stimulation (iTBS) to treat patients with MDD. In this preliminary study we investigated 

the efficacy of iTBS to the dorsolateral prefrontal cortex (dlPFC) in patients with MDD. 

 

Methods: We collected data from all the patients who consented to participate in this study. Altogether 15 

patients (mean age 36.3, eight females) have completed the iTBS treatment protocol for four to five weeks 

(20 to 25 sessions) using Nexstim NBT® system. Patients were evaluated at baseline, after 14 sessions, and 

after the last session. Change in measurements was calculated using paired t-test. Primary outcome 

measure was the proportion of treatment response defined as ≥50% decrease in Montgomery-Åsberg 

Depression Rating Scale (MADRS), Beck Depression Inventory (BDI), or Patient Health Questionnaire-9 

(PHQ9) ratings compared to baseline. Secondary outcome comprised remission rates defined as MADRS 

≤7, BDI ≤12, or PHQ9 ≤5. We also measured anxiety levels using Beck Anxiety Inventory (BAI) during the 

treatment. 

 

Results: All patients completed the planned treatment according to protocol. No patients experienced 

serious side effects. At baseline, mean MADRS was 28, mean BDI was 29 and mean PHQ9 was 15.7. After 

14 sessions, mean MADRS was 13 (p=0.003), mean BDI was 12.5 (p=0.001) and mean PHQ was 8 (p= 

0.009). Eleven patients out of 15 achieved treatment response. Eight patients out of 15 achieved remission 

of MDD. Mean BAI at baseline was 13.1 and after 14 sessions 7.6 (p=0.106). 

 

Conclusion: These preliminary findings show that treatment of MDD with iTBS is safe, well-tolerated and 

effective treatment, that leads to high rates of treatment response and remission. iTBS does not have a 

significant effect on anxiety, but this must be confirmed in larger studies. 

 

Keywords: MDD, rTMS, iTBS, dlPFC, Brain stimulation, Neuromodulation 

  



44 
 

 A-117 

Monocyte CD192 as a promising subclinical marker in relapsing-remitting multiple 
sclerosis: TMS and immunological study 
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Medicine, Department of Medical Chemistry and Biochemistry,, Split, Croatia, 3University Hospital of Split, Department of Neurology, 

Split, Croatia, 4University Hospital of Split, Department of Pediatrics, Split, Croatia, 5University of Split, Faculty of Maritime Studies, 
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Research and Education Laboratory (SPAADREL), Split, Croatia, 6University Hospital of Split, Department of Interventional and 

Diagnostic Radiology, Split, Croatia, 7University of Split, School of Medicine, Department of Neuroscience, Split, Croatia 

Background: The primary pathological event in multiple sclerosis (MS) is demyelination with degeneration 

and loss of axons, which correlates with a permanent functional deficit. Monocytes, together with Th1 and 

Th17 cells, play a key role in CNS inflammation in MS. Gjelstrup et al.[Ref01] showed a decreased 

expression of CD40 and CD192 markers in the total monocyte population in people with MS compared to the 

control group. Further, recent findings suggest an association between the pathophysiological mechanisms 

of MS (demyelination and loss of axons) and TMS neurophysiological measures[Ref02]. 

 

Objective: To investigate CD40+ and CD192+ blood monocyte subpopulations in relapsing-remitting MS 

subjects undergoing TMS assessment of corticospinal tract integrity by recording MEPs from upper and 

lower extremity muscles. The CD40+ and CD192+ blood monocyte subpopulations were compared to 

healthy controls and MS subjects having prolonged latency of MEPs and subjects having neat MEP findings. 

 

Methods: Blood samples needed for flow cytometry were collected from 23 MS subjects and 10 healthy 

controls and incubated with anti-human-CD14 FITC antibodies, of phycoerythrin-conjugated antibodies 

reactive to human CD16, mouse antibodies reactive to human CD192 conjugated with BB700 and Alexa 

Flour 647 conjugated antibodies reactive to human CD40. 

 

Results: All MS subjects and MS subjects with prolonged MEP latency differed from the healthy controls in 

the percentage of CD192 in non-classical anti-inflammatory CD14+CD16++ monocytes, expression of CD40 

in CD14++CD16-, percentage of total monocytes positive for CD40, and expression of CD192 in classical 

CD14++CD16-. MS subjects with prolonged MEP latency differed from MS subjects with neat MEP finding in 

the expression of CD40 in CD14++CD16- and the percentage of total monocytes positive for CD40.The 

percentage of CD192 in anti-inflammatory CD14+CD16++ monocytes correlated with the intensity of 

stimulation used to elicit MEP responses from lower extremity muscles. 

 

Conclusions: Distinct results were found concerning the percentage of CD192+ non-classical monocytes 

and expression of CD192 in classical monocytes when comparing MS subjects with altered MEP latency and 

those with neat MEP findings. Study results point to the subclinical relevance of CD192+ monocyte 

subpopulations in MS. The study represents the first attempt to apply TMS in evaluating corticospinal tract 

integrity with the immunological investigation of MS. 

  

References: 
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Evaluation of corticospinal tract integrity with navigated TMS corresponds to MRI 
and the EDSS classifications in multiple sclerosis 
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Background: Examining the integrity of the corticospinal tract by navigated TMS could help in 

understanding the neurophysiological correlates of multiple sclerosis (MS) symptoms. 

Objective: To investigate MEP measures of corticospinal tract integrity with navigated TMS and its 

correspondence with neurological (EDSS) and neuro-radiological (MRI) classifications in people with 

relapsing-remitting MS (pwMS). 

Methods: In a cross-sectional study, MEP measures of corticospinal excitability (RMT, MEP latency, MEP 

amplitude), clinical disease-related (EDSS), and MRI lesion data were collected in 23 pwMS receiving 

teriflunomide and compared to non-clinical samples. 

Results: PwMS subjects differed from non-clinical samples in MEP latency for upper and lower extremity 

muscles. PwMS with altered TMS finding (prolonged MEP latency or absent MEP), compared to pwMS with 

neat TMS finding, had higher EDSS score [Median = 3.5(range 0-4) vs. 0.5(0-2.5)] and EDSS functional 

pyramidal score [Median = 3.0(0-3.5) vs. 0.5(0-2)]. RMT intensity for mapping representations for lower 

extremity muscles was predictive for EDSS functional pyramidal scores. Overall, TMS findings classified 

pwMS as the same as EDSS in 70-83% of cases and were similar or more successful than MRI, which 

corresponded to EDSS in 57-65% of cases. PwMS with altered TMS findings differed from those with neat 

TMS finding on the total number of lesions in the brain corticospinal and in cervical corticospinal tract. 

Conclusions: The correspondence of TMS with MRI, and EDSS classifications implies the clinical utility of 

navigated TMS in assessing corticospinal tract integrity in pwMS. 
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Background: Laryngeal dystonia (LD) is a rare neurological movement disorder with an unknown cause 

affecting the intrinsic muscles of the larynx, with a prevalence of 14-35 per 100 000. Vocal symptoms range 

from sporadic difficulty to sustained inability to phonate, with vocal tremors (voice breaks) or strained or 

choked speech. In severe cases, an affected subject may barely speak, which significantly impacts the 

quality of life and may cause psychiatric disturbances, including depression and anxiety. The diagnosis is 

challenging due to a lack of pathophysiological biomarkers. Alterations in the microstructural and functional 

integrity of the corticobulbar tract, descending from the primary motor cortex for representation of laryngeal 

musculature to the brain stem nuclei involved in voice/speech production, might be implicated in the 

pathophysiology of LD[Ref01][Ref02]. Neurophysiological studies indicate altered inhibitory mechanisms in 

LD, as with cervical dystonia and focal hand dystonia. More precisely, the cortical silent period (cSP), as a 

measure of intracortical inhibition in the primary motor cortex (M1), has been reported to be shortened in 

laryngeal muscles in LD subjects[Ref03]. 

  

Objective: To present two LD cases, abductor and adductor LD type, and the use of navigated TMS in 

mapping the laryngeal motor cortex by presenting results of MEP and cSP. 

 

Methods: Single magnetic pulse was applied over the M1 for laryngeal muscle representation during slight 

vocalization. Hook wire electrodes were used to record MEP and cSP from cricothyroid and vocal muscle. 

 

Results: In the subject with adductor LD, MEP was elicited from the left cricothyroid muscle (latency of 11.3 

ms) with no cSP induced in the cricothyroid and vocal muscle at maximal stimulator output that subject could 

tolerate. In subject with abductor LD (left vocal muscle abduction), alterations in the duration of cSP were 

observed when comparing left and right cricothyroid muscles and no cSP was elicited from the left vocal 

muscle. 

 

Conclusions: In LD, the cortical activation during phonation may not be efficiently or effectively associated 

with inhibitory processes, leading to muscular dysfunction. These cSP findings may give insight into the 

maladaptive cortical control during phonation in people with LD. Promising neuromodulatory techniques such 

as TMS might bring new light to the diagnosis and treatment of LD disorder. 
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