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Abstract
Movement complexity is known to increase reaction time (RT). More recently, transcranial magnetic stimulation (TMS) of the 
motor cortex has revealed that movement complexity can alter corticospinal excitability. However, the impact of a sequential 
addition of movement components on corticospinal excitability during the preparatory phase of a simple RT task is unknown. 
Thus, the purpose of this study was to examine how motor evoked potentials (MEPs) in the premotor period were affected 
by the complexity of a movement in a simple RT paradigm. Participants (n = 12) completed ballistic movements with their 
dominant arm, in which they directed a robotic handle to one, two or three targets (32 trials per condition). TMS was deliv-
ered prior to movement at 0, 70, 80 or 90% of each participant’s mean premotor RT, at the stimulator intensity which yielded 
a triceps brachii MEP of ~ 10% the maximal M-wave. As expected, premotor RT slowed with increasing task complexity. 
Although background electromyographic activity (EMG) of the triceps brachii during the preparation phase did not differ 
among conditions, MEP amplitude increased with movement complexity (i.e., MEPs were greater for the 2- and 3-move-
ment conditions, compared to the 1-movement condition at 80% of premotor RT). We propose the lengthened RTs could be 
due in part to less suppression of particular motor circuits, while other circuitry is responsible for the increased MEPs. This 
study demonstrates that, prior to movement, corticospinal excitability increases as a consequence of movement complexity.

Keywords Motor evoked potential (MEP) · Movement complexity · Movement preparation · Reaction time

Introduction

When presented with a sensory cue, the time prior to move-
ment onset, or the reaction time (RT) interval, reflects the 
time required by sensory and motor processes to prepare the 
desired movement (Salinas et al. 2014; Wong et al. 2015). 
Notably, these processes, and consequently the RT, can 
be altered by the complexity of the planned movement. In 
their seminal experiment, Henry and Rogers (1960) demon-
strated that RT to an imperative stimulus increased with the 
number of movement components. The authors interpreted 
the lengthened RTs as a complexity effect, related to an 
increased amount of time required to program and retrieve a 
motor response from memory. This work provided the foun-
dation for numerous experimental paradigms and theories of 

the interplay between complexity and movement prepara-
tion. While Henry and Rogers (1960) attributed increases in 
RT simply to the addition of extra movements, other studies 
have proposed that RT is influenced strongly by more spe-
cific elements of the multi-component movement. For exam-
ple, it has been proposed that the increase in RT is driven by 
programming related to the sequence (Klapp 1995) and the 
timing (Maslovat et al. 2014) of the movement components.

There have been several models proposed to describe the 
sensory and motor processes involved in the preparation for 
movement (Nazir and Jacobs 1991; Carpenter and Williams 
1995; Hanes and Schall 1996). For example, in the “cell 
assembly model” (Wickens et al. 1994), a group of cortical 
motor neurons related to performance of the desired action 
(known as a “cell assembly”) are brought closer to threshold, 
then held, in preparation of the motor response. Regardless 
of the specific model, preparatory processes will influence 
the excitability of the motor system. In humans, this can be 
quantified using transcranial magnetic stimulation (TMS) 
of the motor cortex as the motor evoked potential (MEP) 
recorded in the electromyogram (EMG) of a target muscle 

 * Chris J. McNeil 
 chris.mcneil@ubc.ca

1 School of Health and Exercise Sciences, University 
of British Columbia -Okanagan, 1147 Research Road, 
Kelowna, BC V1V 1V7, Canada

http://crossmark.crossref.org/dialog/?doi=10.1007/s00221-018-05464-0&domain=pdf


830 Experimental Brain Research (2019) 237:829–837

1 3

allows for the assessment of corticospinal excitability (e.g., 
Kobayashi and Pascual-Leone 2003; Bestmann and Duque 
2016).

Similar to RT, corticospinal excitability appears to 
increase with movement complexity. Flament and col-
leagues (1993) demonstrated that MEPs were larger during 
a variety of static gripping (complex) tasks compared to an 
isolated finger abduction (simple) movement. Additionally, 
Abbruzzese and colleagues (1996) demonstrated that MEPs 
increased with complexity during both real and imagined 
sequential finger movements. Under multiple movement 
conditions (observation, imagery and execution), Roosink 
and Zijdewind (2010) delivered TMS “just before or at the 
start of the movement of the index finger” and found that 
MEPs were larger for a complex compared to a simple finger 
sequence. Notably, an increase in MEP size with movement 
complexity is not a universal finding. Recently, Kennefick 
and colleagues (2016) reported that MEPs were smaller 
in the 75 ms prior to movement onset for a complex three 
button-press sequence with a timing component, compared 
to a simple single button-press movement without a timing 
component.

To date, the relationship between movement complexity 
and MEP size has not been examined in the premotor portion 
of the RT interval (prior to the burst of EMG activity that 
initiates movement) with an experiment that features two 
key elements of the simple RT paradigm of Henry and Rog-
ers (1960). That is, no experiment has both: (1) increased 
complexity by adding new components to the same initial 
movement; and (2) made the required movement pattern 
known prior to the imperative stimulus so that the entire 
sequence can be pre-programmed. Such a paradigm would 
be insightful because the MEP would reveal how task com-
plexity affects corticospinal excitability during movement 
preparation. Hence, the purpose of the current study was 
to measure MEP size in the preparation phase of a simple 
RT task with a step-wise increase in complexity based on 
the number of movement components. It was hypothesized 
that both premotor RT and MEP amplitude would increase 
with complexity; i.e., the number of movement components.

Materials and Methods

Participants

Twelve (eight female, age range 20–38) healthy, self-
declared right-handed participants with normal or corrected-
to-normal vision, and no history of neurological, sensory, 
or motor disorders participated in this study. Testing of 
each participant took place in a single session and required 
approximately 1.5 h to complete. The study was conducted 
in accordance with ethical guidelines and was approved by 

the University of British Columbia’s Clinical Research Eth-
ics Board (CREB approval: H17-00796) and conformed to 
the guidelines of the Declaration of Helsinki, except for reg-
istration in a database.

Experimental setup

Participants sat in front of the KINARM End-Point Lab 
(BKIN Technologies Ltd., Kingston, Canada) and grasped 
the handle of the right manipulandum, linked to robotic 
motors, with their right hand. All arm movements were per-
formed with the participant’s hand hidden from view by the 
reflective surface of the KINARM. Participants saw a vir-
tual representation of their hand; i.e., a white circle (visual 
radius: 0.5 cm) that moved in tandem with the handle of 
the manipulandum. Triceps brachii surface EMG data were 
recorded via adhesive Ag-AgCl electrodes (10 mm diameter, 
Cleartrace; ConMed, Utica, NY), with the active lead posi-
tioned over the muscle belly and the reference over the distal 
tendon. Data were recorded using a 16-bit A/D converter 
(CED Power 1401-3; Cambridge Electronic Design Ltd, 
Cambridge, UK) and Spike2 software (version 7.10; Cam-
bridge Electronic Design). Signals were sampled at 2000 Hz, 
amplified (× 100) and bandpass filtered (16–1000 Hz) using 
CED 1902 amplifiers (Cambridge Electronic Design Ltd., 
Cambridge, UK).

Task details

Participants were informed the experiment was a simple RT 
task consisting of 96 trials of a ballistic arm movement in 
the horizontal plane that involved one, two or three com-
ponents (according to the number of targets presented; see 
Fig. 1). Importantly, the initial movement in each of the 
three movement conditions was directed to the same first 
target, requiring activation of the elbow extensors. At the 
start of each trial, the target(s) appeared on the visual dis-
play to inform participants of the required movement pat-
tern for the upcoming task. To initiate the trial, participants 
had to place their virtual hand within the home position, 
represented by a red circle (visual radius: 1 cm). Following 
a random foreperiod (1000–3000 ms), the home position 
marker turned green (imperative stimulus), signaling the 
participant to initiate the movement to the first target. For 
the 1-movement condition, the participant was instructed to 
move anteriorly (straight ahead) and terminate at the target. 
For the 2-movement condition, the participant was to hit the 
first target then perform a change in direction back and to the 
right and terminate their movement at the second target. The 
3-movement condition involved another change in direction 
after the second target, which required an anterior (straight 
ahead) movement to reach the final target. Accurate move-
ments were encouraged but it was made clear that it was 
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most important to react as quickly as possible to the impera-
tive stimulus and complete the movement pattern without 
correcting for missed targets. Accuracy was not measured, 
and no trials were removed due to missed targets during the 
ballistic movement.

Stimulation details

To determine the EMG response to simultaneous activa-
tion of the entire triceps brachii motoneuron pool of the 
responding arm, electrical stimulation was applied to the 
right brachial plexus to evoke the maximal compound mus-
cle action potential (Mmax). Single stimuli were delivered 
by a constant-current electrical stimulation (DS7AH; Digi-
timer Ltd, Welwyn Garden City, UK) at a pulse duration 
of 200 µs and continuously variable voltage between 100 
and 400 V. The cathode and anode (adhesive Ag-AgCl elec-
trodes; Cleartrace) were placed over the supraclavicular 
fossa and acromion, respectively. Stimuli were delivered as 
the participant held the robotic handle at the home position 
and prepared as if to move. Current was increased gradually 
with successive stimuli until the M-wave reached a plateau 
(Mmax). Once a plateau was established, an additional two 
stimuli were delivered at that current to establish a mean 

Mmax value (25.2 ± 3.8 mV across all participants; average 
stimulator output was 120 ± 66 mV).

To elicit a MEP from triceps brachii in the responding 
arm, TMS was applied to the motor cortex using a circular 
coil (13.5 cm outer diameter) attached to a Magstim  2002 
stimulator (Magstim, Dyfed, UK). The coil was held over 
the vertex of the skull, with the handle pointing straight 
back (Martin et al. 2008; McNeil et al. 2009; Yacyshyn 
et al. 2018). Prior to stimulation, the vertex was found in 
each participant by marking the intersection of the mid-
points between the nasion and the inion, and the left and 
right preauricular points with a dry erase marker. Stimulator 
output was gradually increased until the elicited MEP ampli-
tude remained consistent at ~ 10% Mmax. Average stimulator 
output for testing trials was 80 ± 13%.

Experimental procedures

Prior to the 96 trials of the main protocol, participants com-
pleted practice blocks of 10 trials for each condition. Prac-
tice blocks were done in ascending order (1-, then 2-, then 
3-movements) and used to establish the mean premotor RT 
for each participant. Premotor RT was defined as the time 
between the imperative stimulus and the point when raw 
EMG associated with the voluntary movement (i.e., onset 
of triceps brachii EMG activity) increased from baseline 
(Kennefick et al. 2014, 2016). The mean value for each con-
dition was calculated after excluding the fastest and slowest 
trials, leaving eight trials per condition. Trials of the main 
protocol were identical to those of the practice blocks, with 
the exception that TMS was presented at four relative time 
points following the imperative stimulus (0, 70, 80 and 90% 
of premotor RT for that participant and movement condi-
tion). Relative rather than absolute time points were selected 
because RTs differ among participants (and within partici-
pants based on the number of movements) so the delivery 
of TMS at absolute time points would not measure the same 
preparatory processes across participants and levels of com-
plexity. The 96 trials of the main protocol were separated 
into four blocks of 24. Each block included eight trials for 
each condition (i.e. two trials at each of the four TMS stimu-
lation points for the 1-, 2-, and 3-movement conditions). 
Representative EMG traces of the triceps brachii at 0% pre-
motor RT for each of the three movement conditions are 
shown for a single participant in Fig. 2.

Data and statistical analyses

After each trial of the practice blocks, premotor RT (time 
between the imperative stimulus and EMG onset) was meas-
ured manually in Spike2. All other measures were analyzed 
offline using Signal software (version 6.03, Cambridge Elec-
tronic Design). The amplitude of the Mmax and MEPs were 
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Fig. 1  Visual representation of the behavioural task implemented 
with the KINARM system. Adapted from Kennefick et al. 2018
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measured between the initial deflection from the baseline 
to the second crossing of the horizontal axis (Martin et al. 
2006). Voluntary EMG measures included the root mean 
square (RMS) of the signal 100 ms prior to the TMS pulse 
 (EMGBACKGROUND). Onset of voluntary EMG was also used 
to measure the premotor RT of the test trials. Trials with a 
value for  EMGBACKGROUND or MEP amplitude that was < 2 
standard deviations from the overall mean for each individ-
ual were removed from the analysis. Overall, data from 89 of 
the 1152 total trials (7.7%) were removed from the analysis, 
27 (9.4%) and 28 (9.7%) of which were removed from stimu-
lation points delivered as EMG onset approached (i.e., 80% 
and 90% of premotor RT, respectively). On a per participant 
basis, 7.4 ± 5.3 of the 96 total trials were removed. Data were 
analyzed using repeated-measures (RM) analyses of variance 
(ANOVA). All analyses were conducted using SPSS version 
23 (SPSS Inc., Chicago, IL, USA). MEP amplitudes were 
first expressed as a percentage of the value at 0% premotor 
RT (Table 1) and assessed for violations of normality using 
the Shapiro–Wilk’s test on the studentized residuals. These 
MEP amplitudes were significantly non-normal (p > 0.05) 

so were subsequently subjected to a log transform (Stuart-
Hamilton 2007). For all RM-ANOVAs, Greenhouse-Geiser 
Epsilon was used to adjust degrees of freedom for violations 
of sphericity, when necessary. Unless otherwise stated, all 
RM-ANOVAs were run as 3 (movement complexity) × 4 
(TMS time) comparisons. Dunnett’s pairwise multiple com-
parison post hoc tests were administered to determine the 
locus of the differences. Differences with a p < 0.05 were 
considered significant. Data are presented as mean ± SD in 
the text and ± SE in the figures.

Results

Premotor reaction time

To determine if the complexity manipulation led to differ-
ences in premotor RT, a one-way RM ANOVA was per-
formed on data collected during the practice trials. The 
analysis (Fig.  3a) revealed a significant main effect of 
complexity (F(2,22) = 21.1, p < 0.001, ƞp2 = 0.657). The 

Fig. 2  Representative EMG 
traces of the triceps brachii 
from a single participant in the 
1-, 2-, and 3-movement condi-
tions. The shaded box highlights 
the MEP. In all trials, the TMS 
pulse was delivered at 0% RT 
(i.e., at the time of the impera-
tive stimulus), represented by 
the left edge of the shaded box. 
Time to voluntary EMG onset 
(premotor RT) is indicated in 
each condition by an arrow
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post-hoc analysis indicated that premotor RT was faster for 
the 1-movement condition compared to both the 2-move-
ment (M = − 33.2 ms, 95% CI [− 55.2, − 11.3], p = 0.004) 
and 3-movement conditions (M  =  −  47.8  ms, 95% CI 
[− 73.3, − 22.3], p = 0.002). Premotor RT did not increase 
from the 2- to 3-movement condition (M = − 14.6 ms, 
95% CI [− 29.5, 0.387], p = 0.057). To ensure the com-
plexity effect on premotor RT remained during the testing 
protocol, these data were subjected to the same analysis. 

This also revealed (Fig. 3b) a main effect of complexity 
(F(2,22) = 24.2, p < 0.001, ƞp2 = 0.687). Similar to the prac-
tice trials, post-hoc analysis showed that premotor RT was 
faster for the 1- than 2-movement condition (M = − 23.5 ms, 
95% CI [− 38.4, − 8.50], p = 0.003), and the 1- than 3-move-
ment condition (M = − 31.6 ms, 95% CI [− 46.4, − 16.9], 
p < 0.001), but not the 2- than 3-movement condition 
(M = − 8.16 ms, 95% CI [− 17.7, 1.34], p = 0.102). Test 
premotor RTs were slower than practice premotor RTs; how-
ever, this was expected as TMS delays RT when applied 
close to an expected voluntary response (Pascual-Leone 
et al. 1992; Ziemann et al. 1997; Leocani et al. 2000).

MEP amplitude

The analysis of log-transformed MEP data revealed a main 
effect of complexity (F(2,22) = 4.54, p = 0.022) and time 
(F(3,33) = 34.2, p < 0.001) as well as an interaction between 
complexity and time (F(6,66) = 2.55, p = 0.028). Therefore, 
the effect of complexity was assessed at each time point 
(% premotor RT) and the effect of time was assessed sepa-
rately for each condition. Post-hoc tests revealed that MEP 
amplitude was larger for the 3-movement than the 1-move-
ment condition (M = 0.133 mV, 95% CI [0.223, 0.0435], 
p = 0.008), as well as the 2-movement compared to the 
1-movement condition at 80% premotor RT, (M = 0.132 mV, 
95% CI [0.216, 0.0471], p = 0.006) (Fig. 4). Furthermore, 
there was a trend for an increase in MEP amplitude between 
the 2-movement and 1-movement conditions at 90% pre-
motor RT; however, this comparison did not reach con-
ventional levels of significance. With respect to the time 
effect, the post-hoc analysis revealed that MEP amplitudes 

Table 1  Motor evoked potential (MEP) amplitudes expressed in raw 
form and as a percentage of 0% premotor RT, as well as the timing of 
TMS stimulation points

Values in brackets represent standard error of the mean

1-Movement 
complexity

2-Movement 
complexity

3-Movement 
complexity

Raw MEP amplitude (mV)
 0% RT 2.2 (0.2) 2.0 (0.2) 2.3 (0.2)
 70% RT 2.4 (0.2) 2.5 (0.3) 2.9 (0.3)
 80% RT 2.7 (0.3) 3.3 (0.4) 3.6 (0.4)
 90% RT 3.3 (0.3) 3.6 (0.4) 3.9 (0.3)

Normalized MEP amplitude (%)
 0% RT 100 (0) 100 (0) 100 (0)
 70% RT 104 (6) 130 (13) 130 (12)
 80% RT 118 (9) 165 (18) 161 (13)
 90% RT 146 (11) 174 (17) 170 (16)

Timing of TMS stimulation points (ms)
 0% RT 0 (0) 0 (0) 0 (0)
 70% RT 158 (3) 182 (3) 204 (4)
 80% RT 182 (6) 208 (7) 234 (8)
 90% RT 192 (7) 220 (8) 247 (9)
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Fig. 3  Boxplot of the mean premotor RT across the 3 complexity lev-
els in both the practice (a) and testing (b) sessions. Box boundaries 
represent the 25th and 75th percentiles, solid horizontal lines repre-
sent medians, the small squares within the box represent means, and 

error bars represent the farthest outliers within 1.5 times the inter-
quartile range from the box boundaries. The asterisk denotes a sig-
nificantly slower RT compared to the 1-movement condition
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increased from baseline (0% premotor RT) to 90% premo-
tor RT in the 1-movement condition, from baseline to 80% 
and 90% premotor RT in the 2-movement condition, and 
finally from baseline to 70%, 80%, and 90% premotor RT 
in the 3-movement condition. For ease of comparison to 
the existing literature, normalized MEPs (expressed as a 
percentage of 0% premotor RT) were also analyzed and 
are presented in Table 1. The analysis failed to reveal an 
interaction (p = 0.064) but indicated main effects of com-
plexity (F(2,22) = 3.65, p = 0.043) and time (F(3,33) = 24.6, 
p < 0.001).

Background EMG

Background EMG during the premotor period was compared 
among the three movement conditions in the 100 ms prior to 
the TMS stimulus (Fig. 5). This analysis revealed there were 
neither main effects of complexity (F(1.24, 13.6) = 1.67, 
p = 0.223) or time (F(1.22,13.5) = 3.99, p = 0.060), nor an 
interaction (F(1.89, 20.8) = 1.66, p = 0.144).

Discussion

The purpose of this study was to examine how step-wise 
manipulation of response complexity in a simple RT task 
affects MEP size during the preparation phase of move-
ment production. As anticipated (e.g., Henry and Rogers 
1960; Klapp 1995), premotor RT was slower for the 2- and 
3-movement conditions compared to the 1-movement condi-
tion (Fig. 3), which confirmed the task was made more com-
plex by the inclusion of additional movement components. 

The major finding was that corticospinal excitability 
increased with complexity (Fig. 4), without either an effect 
of complexity or time on the level of background EMG prior 
to movement (Fig. 5). Movement preparation processes are 
distinct from initiation processes (Haith et al. 2016), thus 
highlighting the importance of independently probing how 
the preparation of movements varying in complexity affects 
the excitability of the motor pathway (i.e., the amplitude of 
the MEP).

The size of the MEP is sensitive to cognitive processes 
such as decision making (Hadar et al. 2016) and motor 
imagery (Lebon et al. 2018). Therefore, it is reasonable to 
assume that greater cognitive processing in the preparation 
of complex movements could contribute to an increase in 
corticospinal excitability. If this increase in cognitive activ-
ity brought more motor neurons to threshold, the level of 
background EMG in the preparation phase prior to move-
ment should increase with complexity. This would under-
mine the comparison of MEPs across complexities because 
MEP size is influenced strongly by voluntary drive (e.g., 
Taylor et al. 1997), meaning an increase in background EMG 
could explain an increase in the MEP with complexity. How-
ever, this was not the case in the current study as the level 
of background EMG in the 100 ms prior to TMS was not 
different among the three movement complexities (Fig. 5). 
Hence, the increase in MEP size with complexity during the 
RT interval indicates the involvement of cognitive processes 
that raise corticospinal excitability, without prematurely dis-
charging additional motor neurons.

Neural activation models have suggested that movement 
preparation can be considered in terms of an increase of 
activity in the motor pathway that is held below a certain 
initiation threshold (Wickens et al. 1994; Hanes and Schall 
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1996). Premotor RT can, therefore, be thought of as the time 
required to raise neural activation from a preparatory state to 
a level beyond threshold. As a simple RT paradigm involves 
the execution of a singular response known to the partici-
pant prior to the imperative stimulus, it is the only type of 
RT paradigm that allows participants to fully prepare for 
the upcoming response. Thus, ideal movement preparation 
involves raising activity levels in the motor pathway as close 
to threshold as possible (Wickens et al. 1994), which can 
be inherently difficult due to sensory, cellular and/or motor 
noise in the pathway (Faisal et al. 2008). Preparatory process 
can alternatively be considered in terms of the dynamics of 
preparation. Studies in nonhuman primates (see Churchland 
et al. 2006) have demonstrated that the reduction in neu-
ronal firing rate variability between target onset and move-
ment onset is indicative of the completeness of the dynamic 
progress of motor preparation. In this model, shorter RTs 
are associated with more complete motor preparation, with 
longer RTs reflecting incomplete preparatory processing. 
Incomplete processing can be evaluated by disrupting prep-
aration with subthreshold microstimulation. This stimula-
tion lengthens RT, which has been suggested to represent 
the additional time required to recover the preparatory state 
(Churchland and Shenoy 2007).

Nevertheless, Harris and Wolpert (1998) have noted that 
larger motor commands require larger neural activity, thus 
producing greater noise. Inevitably, a certain amount of 
noise is present within the pathway, which requires a restric-
tion of the level of activation to ensure random noise does 
not cause the premature release of a movement (Carlsen 
et al. 2012). It has been suggested that an inhibitory brak-
ing mechanism suppresses the tendency to initiate a move-
ment (Prut and Fetz 1999; Duque et al. 2017); however, 
recent studies indicate that a general braking mechanism 
is unlikely. Using a Go/NoGo task in mice, Hasegawa and 
colleagues (2017) found that preparation for an intended 
movement was characterized by the selective suppression 
of certain motor circuits but that “build-up neurons”, or a 
specific set of neurons in the motor cortex, increase their 
neuronal activity during the preparation phase of movement. 
Similarly, Hannah and colleagues (2018) demonstrated in 
humans that a specific set of excitatory inputs to corticospi-
nal neurons (responsible for late I-waves) are suppressed 
during motor preparation, while others remain unaffected. 
Furthermore, Greenhouse and colleagues (2015a, b) used 
TMS in humans to demonstrate that, during preparation, 
response selection is facilitated by the inhibition of response 
representations, including those which are task irrelevant. 
Such a mechanism would facilitate response preparation by 
reducing noise within the system. The results of the cur-
rent study agree with this interpretation, as the simplest 
movement condition had the fastest premotor RT but lower 

corticospinal excitability (MEP amplitude) compared to the 
multi-movement tasks, which had slower premotor RTs.

Direct comparison of the relationship between MEP size 
and movement complexity observed in the current study to 
that of previous studies is limited by differences in the task 
(RT vs. non-RT), the complexity manipulation (additional 
components vs. discrete movements) and the timing of 
TMS (before vs. during movement). However, the increase 
in MEP size with complexity supports the findings of most 
(e.g., Flament et al. 1993; Abbruzzese et al. 1996) but not 
all (Kennefick et al. 2016) related studies. The disparity of 
our data with those of Kennefick and colleagues (2016) is 
likely caused by key methodological differences. In the cur-
rent study, the participant was instructed to react as quickly 
as possible to the imperative stimulus for all movement 
conditions. There was no constraint on the timing of any 
movement component and the focus was on movement speed 
rather than accuracy. In the previous study (Kennefick et al. 
2016), there were timing constraints on the duration of each 
movement (button press) as well as the interval between 
movements for the complex task. Accuracy was monitored, 
and trials were discarded if they included a timing error that 
exceeded the tolerance level. It appears that the inclusion of 
a timing structure or an emphasis on accuracy influences the 
interaction between movement complexity and modulation 
of corticospinal excitability during movement preparation.

The elicited MEPs in the current study are largely reflec-
tive of information being transmitted down the corticospinal 
tract to target muscles (see Di Lazzaro and Ziemann 2013 
for a review) during the preparation phase of movement 
production. While the corticospinal tract is responsible for 
a broad cortical modulation of motoneuron output (Lemon 
and Griffiths 2005), subcortical processes have also been 
shown to be captured in MEPs, potentially via the reticulo-
spinal tract (Fisher et al. 2012). Furthermore, premotor areas 
have direct and indirect (via motor cortex) connections with 
spinal motoneurons that are capable of influencing move-
ment (Dum and Strick 2002). Thus, these previous findings 
demonstrate that corticospinal excitability is not entirely 
driven by motor cortical processes, and in the context of the 
current study, the increase of the MEP with complexity is 
likely to include action selection processes originating from 
premotor areas.

Conclusion

The current study addressed methodological limitations in 
other studies to demonstrate that corticospinal excitability 
prior to movement onset increases with the complexity of the 
planned task. The increase in MEP amplitude occurred with-
out greater background EMG, which suggests that increased 
voluntary drive is very unlikely to be a contributing factor. 
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These results suggest that, in line with recent literature, sup-
pression of corticospinal excitability is inversely related to 
premotor RT.
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