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 5ABSTRACT

BACKGROUND: After stroke, motor pathways are often affected, leading to paresis. It remains difficult 

to reliably predict motor recovery of the upper extremity, for which transcranial magnetic stimulation 

(TMS) may add to clinical examination. Placement of the surface electromyography (sEMG) electrodes 

in TMS is essential for information about specific muscle groups and corticospinal pathways.

OBJECTIVES:  This study primarily aimed to determine the optimal sEMG electrode positions for 

recording activity of forearm flexor and extensor muscles. The first goal was to optimize sensitivity 

in measuring any motor evoked potentials (MEP), because they may be reduced or absent in stroke 

patients. The second goal was adequate distinction between forearm flexor and extensor muscle 

groups. 

METHODS: For optimal flexibility in choosing montages, a multichannel sEMG set-up with 37 

electrodes encircled the forearm. The determination of optimal pairs was based upon electrical 

peripheral nerve stimulation. 

RESULTS: We found pairs with the highest compound nerve action potential (CMAP) amplitudes 

and pairs that optimally distinguished between the flexor and extensor muscles. Large interelectrode 

distances led to responses with larger amplitudes and therefore sensitively measure any remaining 

cortico-muscular connections. 

CONCLUSION: As a follow-up, specific muscle group responses can be targeted with smaller 

interelectrode distances. In conclusion, this study helps to identify better electrode locations for the 

use of clinical TMS studies.

ABBREVIATIONS

CMAP  compound muscle action potential

sEMG  surface electromyography

MEP  motor evoked potential

TMS  transcranial magnetic stimulation

MSO  maximal stimulator output
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INTRODUCTION

Transcranial magnetic stimulation (TMS) is available as a tool in regular clinical 
nerve conduction studies. A magnetically induced short electric current in the 
motor cortex causes activation of corticospinal motor tracts. This results in motor 
evoked potentials (MEPs) which can be measured over muscles with surface 
EMG (sEMG).77 The placement of the sEMG electrodes is essential in recording 
signals from specific muscle groups and thus in rendering information on different 
corticospinal pathways.99

For a proper treatment, for instance after stroke, it is important to know how much 
improvement can be expected for a specific patient. The motor pathways are often 
affected, leading to paresis. Although it is still hard to reliably predict motor recovery, 
adding TMS measurements to a clinical examination may render a higher predictive 
value with respect to motor recovery of the upper extremities.77,100,101 The objective 
of this study is to optimize sEMG electrode positions for the forearm muscle groups.

The first aim of this study concerned optimization of electrode positions to be 
as sensitive as possible for any remaining part of the neural pathway to forearm 
muscles. Presence of a MEP from these muscles has a significant predictive value 
which implies that it precedes functional recovery, but its absence has limited 
predictive value.24,25,67,100,102 This may reflect insufficient sensitivity of the MEP 
registration method. 

For the diagnostic aims of the current study and with stroke patients in mind, a 
circular TMS coil was regarded most suitable. Circular coils have a relatively simple 
way of positioning over the cortex and small position shifts minimally influence 
the results.52 Similarly, stimuli at high intensity are more likely to elicit a response 
in affected corticospinal tracts than stimuli at low (subthreshold) intensity.103 This 
also implies that with TMS cortically adjacent groups - such as forearm extensor 
and flexor muscles - are stimulated simultaneously. This simultaneous activation 
of more muscle groups may be among the causes for insufficient MEP sensitivity. 
When it is difficult to selectively stimulate target corticospinal tracts, recording of 
the MEP must be able to distinguish between target muscles and noise. 

The second aim of the current study was therefore to find the electrode positions 
that distinguish best between extensor and flexor muscle groups. The extensor 
muscles were of particular interest, as it is known from studies that explored clinical 
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are an important predictor.17,18 

For optimal accuracy in finding the proper montages, we used multichannel sEMG in a 
monopolar set-up with 37 electrodes wrapped around the forearm. Straightforward 
bipolar montages, derived post hoc from the recorded monopolar signals, were 
tested. For an eventual clinical setting of the experiment it was important to arrive 
at a test that can be done with equipment available on departments of clinical 
neurophysiology or rehabilitation.

First thing was to determine how the compound activity from the extensor and 
the flexor muscle groups represent themselves when these groups are stimulated 
individually. Therefore, compound muscle action potentials (CMAPs) were recorded 
after separate electric peripheral stimulation of the radial and the median nerve. 
Best bipolar electrode montages were determined for both muscle groups in terms 
of optimal sensitivity and specificity. Finally, it was tested whether these electrode 
positions also predicted the right choice for optimal TMS results, in the presence 
of signals from untargeted muscles. On the basis of this less specific character of 
TMS, it was hypothesized that the MEP amplitude distribution patterns resemble a 
superposition of the CMAP patterns from radial and median nerve stimulation. The 
goal was to distinguish between muscle groups while muscles innervated by both 
nerve bundles were simultaneously activated.

METHODS

STUDY POPULATION
The experiments were performed on 12 healthy volunteers aged 20-24 years (5 
men, 7 women). Because handedness is associated with asymmetry in the cortical 
motor representation, only right-handed subjects participated.104 Volunteers were 
screened for health and the presence of metal objects in the body using a standard 
questionnaire for TMS research.105 All subjects gave written informed consent prior 
to inclusion in the study. The ethics committee of the Radboud University Medical 
Center approved the study, which was performed in accordance with the ethical 
standards laid down in the Declaration of Helsinki. 

Multi-channel electromyographic activity was recorded using self-adhesive Ag-
AgCl surface electrodes (Kendall Soft-E, H69P, 22x22mm), placed on the forearm. 
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In all subjects, the dominant, right arm was measured. The skin of the forearm was 
cleansed with alcohol to reduce skin-electrode impedance.106 Then, the electrode 
positions were drawn on the forearm. Electrodes were located on the basis of 
anatomical landmarks for uniformity across subjects.107 At first, a line was drawn 
from the olecranon to the apex of the ulnar styloid process (Fig. 5.1). Ring I, the 
first and most proximal ring of electrodes, was placed on 1/3 distance from the 
olecranon and ring II approximately 2.4 cm distal to that ring.76,94 Ring V was located 
directly proximal to the ulnar styloid process. The location of ring III was halfway 
between ring I and V. Ring IV lay 2.4 cm distal to ring III.76,94 At each ring position, the 
circumference of the arm was measured. Ring I and II consisted of 9 electrodes, 
each placed with a distance of 1/9th of the according circumference. Ring III 
and IV consisted of 7 electrodes each located on 1/7th of the arm circumference 
and, likewise, ring V counted 5 electrodes placed on 1/5th of the circumference. 
A common reference electrode was placed on the lateral epicondyle.32 After 
placement of the 37 (2 ∙ 9 + 2 ∙ 7 + 5) electrodes, they were attached to a QuickAmp 
amplifier (72-channel system, Brain Products GmbH, Munich, Germany, using the 
average reference recording technique). The sEMG signals were recorded, amplified 
(18.39 nV/least significant bit) and band-pass filtered between 10 and 500 Hz. The 
sEMG signals were acquired at a rate of 2 ksamples/s with the system’s recording 
software (Brainvision Recorder, Brain Products GmbH, Munich, Germany). The 
digitized signals were stored for analysis.

During the whole session, the participants were seated in a chair with the forearm 
pronated, fully relaxed, and supported by a pillow on the thigh. We used visual 
sEMG feedback to the subjects to ensure complete relaxation of the forearm 
muscle groups.

TMS
The magnetic stimulation was performed using a monophasic magnetic stimulator 
(Magstim 2002, Magstim Co., Whitland, Wales, UK), connected to a standard 
circular coil (remote control 90 mm, Magstim). The coil was centered above the 
vertex with the A-side visible. This orientation of the coil results in the most effective 
posterior-anterior current flow in the left hemisphere, ensuring optimal activation of 
the right arm muscles.52 For marking the coil position, a lycra swim cap was placed 
on the subject’s head. The coil was tilted slightly in a left laterodorsal direction, 
to further optimize stimulation of the left hemisphere. A trigger was sent to the 
recording software each time a TMS stimulus was given, which allowed time-
locked data analysis.
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The TMS stimuli were given with increasing intensity, from 20 up to 100% of 
the maximal stimulator output (MSO) with steps of 5% and interval duration of 
approximately 6 seconds. This method provided 17 different intensities, forming the 
content of one series. In total 15 series were performed per subject. For the benefit 
of the subject’s and researcher’s comfort, a break of a few minutes was included 
after each fifth series.

PERIPHERAL NERVE STIMULATION
After the TMS session, electrical stimulation of the median and radial nerve was 
performed by an experienced clinical neurophysiology technician. A constant current 
stimulator (model DS7A, Digitimer Ltd, Welwyn Garden City, United Kingdom) was 
used to produce the electrical stimuli.95 For the radial nerve, stimulations were given 

FIGURE 5.1. Electrode locations based on anatomical landmarks for uniformity across subjects. At 

first, a line was drawn from the olecranon to the apex of the ulnar styloid process. Ring I was placed 

at 1/3 distance from the olecranon and the second ring approximately 2.4 cm distal to ring I. Ring V 

was located directly proximal to the ulnar styloid process. The location of ring III was halfway between 

ring I and V and ring IV 2.4 cm distal to ring III. Ring I and II consisted of 9 electrodes, ring III and IV 

consisted of 7 electrodes and ring V counted 5 electrodes. A common reference electrode was placed 

on the lateral epicondyle.
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between the biceps brachii and the brachioradialis muscles; for the median nerve 
between the biceps brachii and the triceps muscles.32 The trigger intensity was 
increased until a supramaximal CMAP was generated. Then, several stimulations 
were given with that intensity until three CMAPs of good quality were recorded. For 
recording, the electrodes were used in the configuration described above.

ANALYSIS
The analysis was performed with custom-made scripts written in Matlab (MathWorks, 
Natick, Massachusetts, USA). Concerning TMS, the data of the 15 repetitions of 
each intensity were averaged per subject. The three selected CMAPs after electric 
stimulation were also averaged. The resulting MEP and CMAP waveforms were then 
converted into bipolarly recorded waveforms by means of subtraction of the sEMG 
signal of one electrode from the other electrode (cf. Fig. 5.1, pair 7-37 consisted of 
sEMG signal from electrode 7 minus the signal from electrode 37). Subsequently, 
for peripheral nerve stimulation and for TMS, the peak-to-peak amplitudes of all 
the converted CMAPs and MEPs were calculated. Per subject, MEP amplitudes 
per TMS intensity and CMAP amplitudes were normalized: scaled from 0 to 1 (1 
referring to the highest MEP, cq. CMAP over all the converted bipolar waveforms). 
This relative amplitude allowed combining and averaging the data over all subjects.
For each subject amplitude distributions were analyzed using 37 by 37 matrices for 
the two CMAPs (median and radial nerve) and for the MEPs at each TMS intensity. 
The CMAP matrices were averaged for the group. For the primary aim of this study 
the electrode pairs with the highest average amplitude were determined. For the 
secondary aim, which is to find electrode positions distinguishing between the 
flexor and extensor forearm muscle groups, the ratio CMAPmedian/CMAPradial for each 
electrode combination was calculated to identify the pair for best isolating the flexor 
muscle activity and CMAPradial /CMAPmedian (inverse of previous ratio) for optimally 
isolating extensor muscle activity.

These calculations resulted in four electrode pairs which then were compared to the 
individual optimal CMAP electrode pairs to confirm their proximity to the average 
result. In addition, the group relative MEP amplitude data at maximal stimulator 
output of these four electrode pairs were analyzed to evaluate the suitability of the 
identified electrode pairs in a TMS-based test.
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FIGURE 5.2. Amplitude matrices for A) median nerve and B) radial nerve stimulation for all electrode 

combinations (irrelevant order, so (37 ∙ 36) / 2 combinations). CMAP amplitudes after peripheral nerve 

stimulation were normalized per subject (maximal individual amplitude was set at 1.0) before they 

were averaged for the group. Figure C) shows the CMAPmedian/CMAPradial ratio matrix (for optimal 

median nerve selectivity) and part D) the CMAPradial/CMAPmedian ratio matrix (for optimal radial nerve 

selectivity), again for all electrode combinations.

RESULTS

For the calculation of the averaged CMAP amplitude, data of one subject for the 
median nerve stimulation and data of five subjects for the radial nerve stimulation 
had to be excluded. Although performed by a skilled technician, in these subjects 
only adjacent muscles instead of the target nerve were directly stimulated as was 
demonstrated by merely isolated sEMG activity to the most proximal electrodes 
close to the stimulation site. The data of the remaining seven subjects were used 
for further analysis. For the TMS stimulation, in one subject the stimuli at 95% 
and 100% MSO were not given because the subject experienced these as too 
uncomfortable. Because for the other subjects the relative amplitudes showed no 
distribution changes above 90%, that intensity was chosen for the final analysis.
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TABLE 5.1. Electrode pairs with five highest normalized CMAP amplitudes 
    per subject for peripheral stimulation of (A) the median nerve 
    and (B) the radial nerve. 

In 11 subjects a CMAP was available for the median nerve, in 7 subjects for the radial nerve 

(numbers per line refer to individual subjects). The columns represent the rank (highest 

amplitude 1, second highest 2, etc.) of electrode pairs per individual subject with regard to 

normalized CMAP amplitude. The electrode  pairs 7;37 and 2;35 represent the pairs with 

highest group CMAP amplitudes, orientation of the individual best electrode pairs to these 

group optimal pairs can be inferred from figure 5.1.

A MEDIAN NERVE [electrode pair] (amplitude)

rank 1 rank 2 rank 3 rank 4 rank 5

subject 1 [33;16] (1.00) [37;16] (0.94) [33;7] (0.89) [33;17] (0.87) [36;16] (0.87)

2 [37;16] (1.00) [37;17] (0.97) [37;23] (0.95) [37;15] (0.93) [36;16] (0.86)

3 [36;7] (1.00) [33;7] (0.96) [37;7] (0.95) [36;8] (0.90) [36;16] (0.87)

4 [37;8] (1.00) [36;8] (0.96) [37;16] (0.92) [37;7] (0.91) [37;17] (0.90)

5 [36;6] (1.00) [36;7] (0.97) [37;16] (0.95) [37;6] (0.91) [37;15] (0.91)

6 [36;6] (1.00) [36;16] (0.97) [37;6] (0.97) [37;16] (0.96) [36;7] (0.96)

7 [25;8] (1.00) [35;18] (0.97) [33;18] (0.96) [37;18] (0.93) [33;8] (0.89)

8 [36;7] (1.00) [37;7] (0.93) [36;8] (0.91) [36;6] (0.88) [36;17] (0.85)

9 [37;7] (1.00) [33;7] (0.94) [30;7] (0.79) [37;8] (0.79) [37;17] (0.78)

10 [36;16] (1.00) [14;5] (0.95) [16;14] (0.92) [16;5] (0.92) [30;5] (0.90)

11

12 [33;7] (1.00) [37;7] (0.98) [36;7] (0.98) [35;7] (0.89) [33;16] (0.87)

B RADIAL NERVE  [electrode pair] (amplitude)

rank 1 rank 2 rank 3 rank 4 rank 5

subject 1

2

3 [34;12] (1.00) [34;20] (0.93) [34;11] (0.93) [34;3] (0.88) [34;2] (0.84)

4 [20;2] (1.00) [20;11] (0.93) [19;2] (0.91) [26;11] (0.88) [26;2] (0.87)

5 [34;3] (1.00) [34;11] (0.98) [34;12] (0.96) [27;3] (0.96) [28;3] (0.94)

6 [9;3] (1.00) [9;4] (0.98) [9;2] (0.90) [9;5] (0.89) [13;9] (0.89)

7

8 [35;12] (1.00) [35;11] (0.98) [35;28] (0.92) [35;27] (0.91) [35;3] (0.90)

9 [9;2] (1.00) [10;2] (0.99) [2;1] (0.99) [18;2] (0.91) [8;2] (0.77)

10

11

12 [35;11] (1.00) [35;20] (1.00) [34;11] (0.96) [34;20] (0.96) [35;12] (0.95)
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The normalized (0-1) amplitudes of the group CMAP data after electric nerve 
stimulation resulted in two amplitude 37∙37 matrices as plotted in the Figures 5.2A 
and 2B for stimulation of the median and radial nerve respectively. Clustering of 
electrode pairs with the highest amplitudes can be identified. Refer again to Figure 
5.1 to anatomically locate these electrode numbers. Within those groups for the flexor 
muscles (median nerve), electrode 7 combined with reference electrode 37 gave 
the highest normalized CMAPs, as is demonstrated in Figure 5.2A with the darkest 
red color. The individual (per subject) CMAP amplitude for electrode combination 
7-37 ranged from 0.6 to 1.0 on the normalized scale, with a mean group amplitude 
of 0.87 (not shown). For the extensor group (radial nerve), electrode 2 combined 
with reference electrode 35 gave the highest normalized CMAP amplitudes. The 
individual CMAP amplitude for electrode combination 2-35 ranged from 0.3 to 0.9 
on the normalized scale, with a mean group amplitude of 0.69. Table 5.1 shows 
the individual (per subject) top-5 of electrode pairs with highest normalized CMAP 
amplitude. Distances to the average optimal pairs are mostly small and depend 
on individual arm anatomy. They can be estimated with the use of Figure 5.1. For 
the median nerve, the individual optimal electrode pairs were never more than 1 
electrode apart from the optimal electrodes for the group. For the radial nerve, 
there was more variation both in highest amplitude electrode pairs and in distances 
to the group optimal electrode combination. 

Figures 5.2C and 5.2D show the group results on the ratio calculations to detect 
the best pair to separate flexor and extensor muscles. Again, the electrode pairs 
with the highest values on group level were selected. Electrode combination 7-16 
appeared the best to overall isolate the flexor muscle activity (CMAPmedian/CMAPradial). 
The mean ratio was 9.16 with a range from 2.3 to 16.1. Electrode combination 1-2 
showed to be best in isolating the extensor muscle activity (CMAPradial/CMAPmedian). 
The mean ratio was 5.87 with a range from 2.1 to 12.6.
In summary, electrode pairs close to the combinations 7-37 and 2-35 gave highest 
normalized CMAP amplitudes and electrode pairs close to the 7-16 and 1-2 
combination resulted to be the best in distinguishing muscles innervated by either 
the radial nerve or the median nerve. 

FIGURE 5.3 (PAGE 102+103) >>  MEP curves for optimal electrode combinations for (A) median 

nerve and (B) radial nerve as based on maximal amplitude after peripheral nerve stimulation, at TMS 

intensities of 60%, 70%, 80% and 90% of maximal stimulator output.
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TMS
For every subject, MEP curves were available per electrode pair and per intensity. 
Amplitudes were normalized and for each intensity group averages were 
determined after which a group amplitude plot was produced. Both the curves 
for the optimal electrode pairs as determined with peripheral nerve stimulation 
(Fig. 5.3) and the normalized amplitude distribution appeared to be similar for the 
different suprathreshold stimulation intensities. Figure 5.4 therefore only shows the 
amplitude matrices at 90% MSO. As expected, a larger amount of electrode pairs 
showed muscle activity of similar amplitudes, since it is not possible to selectively 
stimulate one forearm muscle group in isolation with TMS. The individual normalized 
MEP amplitude for the electrode pair with the highest median nerve CMAPs (7-
37) ranged from 0.4 to 1.0, with a mean amplitude of 0.69. For the MEPs from 
the “optimal” electrode pair for the muscle group innervated by the radial nerve 
(2-35) the mean amplitude was 0.67 (range 0.5 - 0.9). With both electrode pairs, 
substantial MEPs could be measured in all subjects.
On group level, the figure can only roughly be interpreted as a superposition of 
the Figures 5.2A and 2B. Simply adding the normalized CMAP matrices did not 

TMS (90% MSO)
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FIGURE 5.4.  Amplitude matrix for TMS for all electrode combinations (irrelevant order, so (37 ∙ 36) / 2 

combinations). MEP amplitudes after TMS at 90% of maximal stimulator output were normalized per 

subject (maximal individual amplitude was set at 1.0) before they were averaged for the group.
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for median and radial nerve were multiplied with weighing factors. This way, the 
MEP matrices could satisfactorily be reproduced in 5 of the 7 subjects. However, 
individually applied weighing factors varied between 1.0 for the strongest radial 
nerve contribution (and thus 0.0 for median) and 0.1 for the lowest radial nerve 
contribution (and thus 0.9 for median).
The best electrode pairs for the distinction between the flexor and extensor 
muscles, as based on CMAP ratios, clearly show lower MEP amplitudes (Table 5.2). 
The individual normalized MEP amplitude for 7-16 ranged from 0.1 to 0.4, with a 
mean amplitude of 0.12. For 1-2 the mean amplitude was 0.19 (range 0.1 - 0.4). So, 
the higher sensitivity goes at the expense of about five times lower amplitudes and 
thus a lower signal to noise ratio, when compared to the electrode combinations 
7-37 and 2-35 measuring global activity.

TABLE 5.2.  Normalized MEP amplitudes at 90% MSO of electrode pairs 
    7;37, 2;35, 7;16 & 1;2, per individual subject. 

    Electrode pair

7;37 2;35 7;16 1;2

Subject 1 0.75 0.59 0.21 0.11

2 0.86 0.49 0.08 0.09

3 0.38 0.67 0.06 0.20

4 0.67 0.87 0.04 0.11

5 0.88 0.75 0.06 0.14

6 0.43 0.81 0.04 0.18

7 0.72 0.50 0.11 0.00

8 0.58 0.71 0.04 0.33

9 0.54 0.52 0,.18 0.16

10 0.77 0.40 0.10 0.31

11 0.90 0.67 0.37 0.17

12 0.61 0.88 0.08 0.24

MSO: Maximal Stimulator Output; The electrode pairs 7;37 and 2;35 represent the pairs with highest 

CMAP amplitudes, the other two pairs optimally isolate either median nerve or radial nerve innervated 

muscles on peripheral stimulation.  The MEP amplitudes per electrode pair were normalized to the 

highest amplitude for that subject, which led to the normalized MEP amplitude of 1.0 not being included 

in the table. 
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DISCUSSION

The goal of this study was to examine which are the optimal sEMG electrode 
positions for recording muscle activity from the forearm flexor and extensor 
muscle groups after TMS. The most important aim concerned optimization of 
electrode positions for the technique to be most sensitive to any remaining activity 
after stroke over the extensor and flexor muscle group respectively, while being 
easily applicable in a clinical setting. A subsequent secondary aim of the current 
study was to find electrode positions to optimally distinguish between flexors and 
extensors, given a positive result in terms of still detectable MEPs from the previous 
electrode positions. The study was performed in healthy subjects, with a focus on 
generalizability of the results to post-stroke patients.

The determination of optimal electrode pairs was based on peripheral electrical 
stimulation, allowing a distinction between the muscle groups. We determined 
that for each of the two muscle groups one electrode pair (Figs. 5.2A and B) had 
overall the highest normalized CMAP amplitudes and another pair (Figs. 5.2C and 
D) optimally isolated the targeted forearm muscles. Individual (per subject) optimal 
electrode pairs for the median nerve were each close to the group optimal electrode 
pairs. For the radial nerve, individual optimal electrode pairs were more diverse. 
After TMS, the amplitude map showed, as expected, simultaneous and thus less 
distinct weighed activity from both flexor and extensor muscles.

For TMS measurements after stroke, the first goal would be to measure corticospinal 
integrity by recording any response. For that purpose an electrode pair with a long 
inter-electrode distance is most useful, as the CMAP results demonstrate. The 
current results show that interindividual differences in the relative contribution of both 
muscle groups to the TMS signal are considerable. In 5 out of 7 subjects the MEP 
matrix could reasonably be reproduced when adding up the CMAP results of median 
and radial nerve stimulation, but only by considerably adapting relative weighing 
factors for the CMAP distributions. The size of the factors was found by iteration 
and varied considerably between subjects. Therefore, the theoretical concept of a 
MEP signal explained from CMAP amplitudes is apparently not as straightforward 
as hypothesized. More insight into the factors causing the interindividual differences 
would be needed to rightfully translate knowledge obtained from peripheral nerve 
stimulation to central nervous stimulation by TMS. These factors are expected to be 
multi-factorial and undoubtedly include individual differences in cortical excitability 
and even muscle representations at the cortical level.
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The radial nerve is located less superficial compared to the median nerve, which 
made its electrical stimulation harder and could lead to unintentional direct muscle 
stimulation. This made radial nerve stimulation impossible in five subjects, leading to 
exclusion of their data from the analysis. There were no exclusions made regarding 
the TMS data. In one subject stimulation was stopped at an intensity of 90% MSO, 
due to discomfort at the higher intensities. Lack of these data has not hampered 
the analysis, because results until 90% MSO were sufficiently clear in all subjects.

A previous feasibility study concluded that it was not possible to identify optimal 
electrode pair configurations using conventional sEMG recordings to distinguish 
between extensor and flexor muscle groups of the forearm in TMS.108 This conclusion 
was confirmed in the present study in so far that all electrode distances as used in 
that previous study are large and therefore at best optimal in terms of our primary 
goal. A next step would be to separate activation from the different muscle groups. 
For isolating specific muscle group activity smaller interelectrode distances (IEDs) 
should be used as can be deduced when comparing our Figures 5.2A and 5.2B 
with Figures 5.2C and 5.2D. As can be expected, based on the relative proportions 
in this study, then spatial sensitivity goes at the expense of MEP amplitude and thus 
a decreased signal to noise ratio. 

In conclusion, this study contributes to identifying electrode locations for application 
in clinical TMS studies. When choosing electrode pairs with large IEDs, information 
on any minimal sign of nerve tract integrity to the flexor and extensor forearm 
muscles can be obtained. To identify MEP activity of a specific muscle group much 
shorter IEDs should be used. This latter approach should not be applied without 
first performing the large IED approach, considering that in the short IED montages 
the chance of acquiring a false negative result is substantial, due to low or even 
unnoticeable MEPs in post-stroke patients. Future studies may focus on further 
exploring sEMG patterns of muscle activation in TMS in healthy subjects, as well as 
the extent to which the current findings are applicable in people after stroke. 
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