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In TMS mapping of motor cortices the evoked responses can be quantitatively 
monitored by electromyographic (EMG) recordings. No such setup exists for 
monitoring of writing during nTMS mappings of writing related cortical areas. 

To propose a novel setup which employs synchronous recording of individual’s 
writing performance combined with nTMS (Rogić Vidaković et al.,2015).  
 
Our group developed a writing pen integrated into the amplifier of nTMS system 
which can provide measures of hand writing frequency, as well as digital 
documentation of writing errors, in addition to monitoring of MEPs from the hand 
muscles by EMG.  
 
Chronometric TMS design and modified patterned protocol of rTMS (Rogić et al., 
2014) was applied during writing for the first time. 

Language interferences during writing were generated intraoperatively by DCS of 
the left superior temporal gyrus  and supramarginal gyrus (Roux et al., 2014); 
different patterns of writing impairments were induced while stimulating superior 
parietal gyrus (Magrassi et al., 2010); difficulties in motor aspects of writing while 
stimulating supplementary motor area (Scarone et al., 2009); pure cessation of 
writing (Roux et al., 2009) while stimulating premotor cortices corresponding to BA 
6 (the middle frontal gyrus) and close to the superior frontal sulcus. 

Subjects 
The experimental setup was tested on four healthy volunteers (two males and two 
females; age range 23-43 years) having no neurological disorders.  All participants 
were right handed dominant. 

Experimental setup 
● Writing pen – EMG – tablet interface 
The photo sensitive electronic circuit consist of silicon NPN phototransistor BPW40 
and 0.6W 680 Ω resistor. When the BPW 40 is illuminated with the light from the 
LCD display of the tablet it starts to conduct with voltage rise to 100 mV, which can 
be detected on the single channel of the 6-channel EMG amplifier module 
integrated into the nTMS system. The 9 V battery has been used as power supply 
for the pen in order to additionally suppress disturbances from electronic 
equipment (such as: 50Hz from AC source, off-set from op amps) and environment 
(such as: thermal noise). One meter cable with DIN 42802 connector was used for 
interface with EMG amplifier. The pen is made of brass and it is 10 cm long and 5 
mm wide to provide conductivity from the participant’s hand to the touch screen 
of the tablet. Conductive Foam was applied onto the brass ending of the writing 
side to avoid damage to the tablet screen.  

Figure 1. Pen-EMG-tablet-interface circuit schematic diagram. J1, J2 are positive and negative inputs for EMG 
amplifier with DIN42802 connector. 

● Presentation program triggered an onset of magnetic stimulation at 2000 ms 
and 5000 ms after auditory sentence presentation in order to interfere with the 
writing. We observed pen recording signal from spectra by applying spectral 
analysis and observing PSD (Power Spectral Density).  

Figure 2. Experimental setup and 
paradigm of auditory sentence 
presentation and the time course of a 
single trial. (A) Experimental paradigm. 
(B) Schematic view of two stimulation 
trains each consisting of 4 bursts of 4 
stimuli each, with an interstimulus 
interval of 6 ms, and a burst repetition 
rate of 4 Hz (Deletis et al., 2014; Rogić et 
al.,2014). (C): Subject writing on the 
tablet during nTMS stimulation of the 
middle frontal gyrus, close to the superior 
frontal sulcus; Orange, 1: 3D image of the 
left hemisphere; 2: EMG activity from the 
APB muscle of the right hand and activity 
related to pen during writing in temporal 
domain; 3: stimuli presentation screen; 4 
tablet placed on a custom made wooden 
bench. (D) Stimulated cortical spot 
corresponding to BA6 and close to the 
superior frontal sulcus. 

RMT intensity or intensities 25 % above the RMT intensity over the premotor cortex 
corresponding to BA6 and close to the superior frontal sulcus generated blocking of 
writing in all subjects without visible hand movements, and MEPs from the hand 
muscle in the EMG signal was recorded. We could not determine the latency onset of 
these MEP responses due to pre-stimulus EMG activity. When applying higher 
stimulation intensities blocking of writing occurred with hand movements and MEPs 
in the EMG signal. Stimulation of the M1 for APB elicited writing interferences related 
to movements of the hand and fingers. Analysis of the pen signal showed the 
suppression of normal hand writing frequency band (0-20 Hz) during blocking of 
writing.  
 
 

Figure 3. Left: EMG from APB muscle under nTMS of the premotor cortex corresponding to BA6 and close to 
superior frontal sulcus for single subject: MEP detected (red star). Green: the rTMS bursts. Right: PSD (left) and 
corresponding pen signal in time (right) after application of four stimulation bursts at 36 % of maximal stimulation 
output (20 % above RMT intensity) in one  subject .  
 
 

We developed a pen for writing integrated into EMG of nTMS system and proposed a 
setup to be used with nTMS mappings of writing related cortical areas. The proposed 
setup was found feasible because it provides on-line monitoring of EMG activity in the 
hand muscles and pen related activity during writing, together with storing of files of 
writing performance on the tablet. Application of relatively new stimulation paradigm 
consisting of bursts of magnetic stimuli to motor cortical areas involved in writing 
together with chronometric TMS design, showed to be very effective in eliciting writing 
modification. In future studies we plan to use this setup to differentiate motor and 
language processes during writing while mapping writing related cortical areas with 
nTMS.   

● Left M1 for abductor pollicis brevis (APB) muscle was mapped with single 
pulses to determine RMT and premotor cortex corresponding to BA6 and close 
to the superior frontal sulcus (Roux et al., 2009) during writing in a dictation task 
with MEP recording from APB muscle. Patterned bursts of rTMS  were used 
(Deletis et al., 2014; Rogić et al., 2014). 
 

Navigated transcranial magnetic (nTMS) and study protocol 
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