Cureus

Part of SPRINGER NATURE Open Access Original Article

Comparative Analysis of Motor Preparation Using
Bereitschaftspotential With Two Methods of
Wrist Extension

Review began 01/23/2025

Review ended 02/19/2025 . .

Published 02/22/2025 Ashlesh Patil !, Kanwal P. Kochhar

© Copyright 2025

Patil et al. This is an open access article 1. Physiology, All India Institute of Medical Sciences, Nagpur, Nagpur, IND 2. Physiology, All India Institute of Medical
distributed under the terms of the Creative Sciences, New Delhi, New Delhi, IND

Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Corresponding author: Ashlesh Patil, dr.ashlesh.p@gmail.com

DOI: 10.7759/cureus.79458

Abstract

Introduction: Motor control for voluntary movement involves the orchestrated activity of motor cortical
areas, which activate approximately one to two seconds before movement onset. This preparatory neural
activity, termed Bereitschaftspotential (BP), reflects the readiness of cortical circuits for initiating
movement. BP has been linked to parameters such as force and rate of contraction; however, the influence
of movement precision on BP components is less understood. This study aims to investigate how movement
precision affects BP characteristics, providing insights into the neural dynamics underlying motor
preparation.

Methods: Using a quasi-experimental design, BP characteristics were compared in 15 healthy, right-handed
male participants (ages 40-60) under two conditions: precise wrist extensions (Method 1) and self-paced
wrist extensions with relaxed precision (Method 2). BP was recorded at Cz, C3, and C4 electrodes, with
electroencephalogram (EEG) data averaged from -3 seconds to +1 seconds relative to electromyogram (EMG)
onset. Method 1 required controlled wrist extensions with visual feedback, while Method 2 permitted varied
movement parameters. BP parameters analyzed included peak amplitude, early slope, late slope, and onset
time, compared across the two methods using paired t-tests.

Results: BP amplitude and slope were significantly greater during Method 1 than Method 2, particularly at
the Cz and C3 sites. At Cz, all BP parameters were significantly higher in Method 1 compared to Method 2,
including early slope (p = 0.0005), late slope (p = 0.0124), amplitude (p = 0.00003), and onset time (p =
0.0020). At C3, early slope (p = 0.0137), late slope (p = 0.0282), and amplitude (p = 0.0005) were significantly
higher, while onset time showed no difference (p = 0.5823). At C4, only amplitude showed a significant
difference (p = 0.034), with other parameters not reaching statistical significance. These findings indicate
that Method 1, requiring precision, engaged motor cortical regions more intensively, particularly in
preparatory neural activity.

Conclusion: This study highlights BP sensitivity to movement precision, with distinct BP features linked to
precise motor tasks. BP monitoring could be valuable in neurorehabilitation, especially for conditions
affecting motor preparation, such as Parkinson’s disease and post-stroke patients. Future research may
expand BP applications, emphasizing its potential as a biomarker for motor preparedness and precise motor
control interventions.

Categories: Neurology, Physical Medicine & Rehabilitation, Occupational Health
Keywords: bereitschaftspotential, motor control, neurorehabilitation, precision of movement, supplementary motor
area

Introduction

Motor control of voluntary movement involves a well-orchestrated activity within the higher order and
execution mediating motor cortical areas, basal ganglia, and cerebellum [1,2]. Many studies have shown that
these motor areas are activated about one to two seconds prior to the actual onset of movement [3-6] and are
involved in the readiness or preparatory phase of movement. One of the simplest and non-invasive methods
to study this readiness is by averaging EEG activity prior to each voluntary movement [5,7]. This activity
prior to movement onset is called Bereitschaftspotentials (BP) [5]. Recording the cortical activity in the form
of BP can be used as a tool to understand the supraspinal influences on motor planning [8].

Indeed, BP components and amplitude are decreased in neurodegenerative diseases, such as Parkinson's
disease, where dysfunctional basal ganglia circuitry affects activity in the motor cortical areas [6,7].
Although the cortical substrates of planning are fairly known, the exact temporal or computational model of
motor planning is far from understood. This is because motor planning involves a multitude of parameters
like the selection of appropriate muscles or muscle groups, the selection of direction, force, range, and
duration of movement. Together, these factors result in precise and desired movement. Such precision is
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achieved by regular feedback from subcortical areas like basal ganglia and cerebellum [2]. Studies show that
the amplitude of BP positively correlates with the force, rate of contraction, and EMG response of the muscle
involved in the motor task [9-11]. However, how the precision of movement (as a whole) is represented in
components of BP is still not known.

In this study, using a unique recording paradigm, we aim to study the effect of precision on components of
BP. Understanding these components can provide insights into the neural mechanisms underlying
movement preparation and motor control, which may have implications for conditions affecting voluntary
movement, such as Parkinson's disease.

Materials And Methods
Study design and participants

The study employed a quasi-experimental design to investigate the effects of precision in movement on BP.
The study was conducted at All India Institute of Medical Sciences, New Delhi, in the Cognitive
Neurophysiology Lab of the Department of Physiology from January 2012 to December 2013. The study
received approval from the Institutional Ethics Committee (IESC/T-93, 2011) and was conducted in
compliance with the ethical principles outlined in the World Medical Association's Declaration of Helsinki
(2000). Participants were well informed about the purpose of this study, and written informed consent was
taken from each following standard institutional ethical guidelines. Confidentiality was maintained by
encrypting and securely storing the participant data. Healthy male participants aged 40 to 60 years were
included in this study. Inclusion criteria required participants with no history of neurological, psychiatric, or
musculoskeletal disorders, normal or corrected-to-normal vision and hearing, and not taking any
medications affecting the nervous system. Only right-handed participants as screened using the Oldfield
questionnaire [12] were selected. We excluded individuals with any history of head trauma, stroke or any
other neurological complications, or psychiatric disorders. A post-hoc power analysis using a paired t-test
was conducted for BP components at Cz with an alpha level of 0.05 and a sample size of 15. The results
showed high power for the peak amplitude (0.99999), early slope (0.996), and onset time (0.983), while late
slope (0.898) had slightly lower but still acceptable power. These findings indicate that the study was well-
powered to detect differences in BP components, particularly for peak amplitude, early slope, and onset
time. However, future studies with a larger sample size could further enhance power, especially for late
slopes.

Recording setup

The participants were seated comfortably on armchairs throughout the recording. They were instructed to
pay attention to the screen kept 60 cm away and minimize eye blinking during the task. The potentials were
recorded using Neuropack 8 (Evoked Potential Recorder Nihon Kohden, Japan) at electrode sites Cz, C3, and
C4 using the standard international 10-20 system. Electroencephalography was recorded from the scalp at
the above-mentioned sites using Ag/AgCl surface electrodes with linked earlobe electrodes as a reference
and a forehead electrode (Fpz) used as the ground. The potential recorder has in-built amplifiers that result
in a signal gain of 10,000x (or 10,000-fold). The EEG signal was filtered using a bandpass filter ranging from
0.05 to 45 Hz to avoid high-frequency disturbances in the data. The EEG signal (3.0 seconds prior to and 1.0
seconds after the EMG onset) was back averaged using the onset of EMG as the trigger for averaging.
Electromyography (EMG) was recorded from the extensor carpi radialis muscle with two recording electrodes
placed 2 cm apart. EMG signal was filtered using 0.05-3kHz bandpass. A notch filter of 50 Hz was used for all
recordings. In addition, eye blinks were recorded from Fp1-A1l and Fp2-A2 electrode pairs. Electrode
impedance was ensured to be less than 5 KQ throughout the recording.

Experimental conditions

To study the effect of movement precision on BP, the participants were asked to perform the same task using
two methods. In Method 1 (M1), the participants were trained to perform precise right wrist extensions (60
degrees from the horizontal position) once every five to 10 seconds, for a duration of 0.5 seconds. Before
beginning the averaging process, each participant performed the wrist extension according to the given
instructions, and their EMG waveform (amplitude and duration) was recorded. Visual feedback in the form of
the EMG signal was provided on a screen, and the participants were instructed to ensure that the amplitude
(maximum recorded during practice) and duration (0.5 seconds) of the signal remained consistent across all
trials. In Method 2 (M2), the participants were instructed to perform self-paced right wrist extensions once
every five to 10 seconds. No specific information was provided regarding the degree, duration, or amplitude
of the movement, allowing the participants to vary these parameters. Although the precision of the
movement was relaxed in M2, all movements in both methods were self-paced. Sweeps with eye blinks or
EEG amplitudes exceeding 60 uV were excluded from the averaging process. For both methods, 100 artifact-
free sweeps (trials) were averaged to obtain BP. Each participant performed both methods on separate days.

Data parameters and statistical analysis

Baseline activity was calculated by using EEG data from -3000 ms to -2500 ms, i.e., prior to the onset of BP in
all recordings. The BP waveform morphology was analyzed for peak amplitude, early slope, late slope, and
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onset of BP according to our previous study [13]. Baseline activity was measured from -2500 ms to -2000 ms
before the movement, with EMG onset set as time zero. The maximum amplitude, typically near -50 ms
relative to the EMG onset, was noted as the peak amplitude. The early BP component was represented by the
average slope from -1500 ms to -500 ms (early slope), while the late component was represented by the
average slope from -500 ms to 0 ms (late slope) [14]. The intercept of the early slope with baseline represents
the onset time [13]. The Kolmogorov-Smirnov test confirmed normality for all BP parameters, and they were
compared between the two methods using a paired t-test in GraphPad Prism (version 8.0.1, GraphPad
Software, Inc.) with an alpha level of 0.05.

Results

We successfully recorded BP in 15 participants, with an average age of 51.47 * 4.16 years, at electrode sites
Cz, C3, and C4 with the two different methods. Figure I illustrates the grand average BP recordings for both
methods at these electrode sites, accompanied by the rectified EMG. A visual comparison of these recordings
indicates that BP amplitudes were greater when recorded during Method 1 compared to Method 2,
suggesting that Method 1 elicited stronger neural responses in the preparatory phase of the movement. This
observation is supported by the quantitative analysis presented in Figure 2, which compares four BP
parameters between the two methods: (a) onset time, (b) peak amplitude, (c) early slope, and (d) late slope,
with all values presented as mean * standard deviation (SD) (Table ).
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FIGURE 1: Grand average Bereitschaftspotential (BP) recordings for
both methods

This figure presents the grand average BP recordings for both methods at electrode sites Cz, C3, and C4. The
rectified EMG signal is displayed below the BP traces. The vertical dashed line indicates the onset of the EMG
signal, which was used as the trigger for back-averaging the EEG data from 3.0 seconds before to 1.0 seconds
after the EMG onset. The black-colored graph represents Method 1 recordings, and the gray-colored represents
Method 2 recordings.
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FIGURE 2: Comparison of Bereitschaftspotential (BP) parameters

Comparison of BP parameters: (a) onset time, (b) peak amplitude, (c) early slope, and (d) late slope between the
two methods, presented as mean + SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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Electrode site

Cz

Cz

Cz

Cz

C3

C3

C3

C3

C4

C4

C4

C4

Parameter (units)
Early slope (uV/s)
Late slope (pV/s)
Peak amplitude (pV)
Onset time (s)

Early slope (uV/s)
Late slope (pV/s)
Peak amplitude (pV)
Onset time (s)

Early slope (uV/s)
Late slope (pV/s)
Peak amplitude (pV)

Onset time (s)

Method 1 (mean * SD) Method 2 (mean * SD) p-value
3.83+£0.95 2.77 £0.44 <0.001
8.15+3.32 5.57 +1.72 <0.05
7.73+1.53 5.35+ 1.01 <0.001
-1.67 £0.09 -1.58 £ 0.06 <0.01
3.17 £0.99 2.31+£0.78 <0.05
6.89 + 3.66 3.62 £4.07 <0.05
6.73 £1.93 4.24 +1.52 <0.001
-1.66 +0.08 -1.65 £ 0.06 0.582268
2.55+0.98 2.10 £ 0.69 0.151308
3.89+273 2.59 +1.89 0.141524
4.93+1.35 3.83+1.36 <0.05
-1.60 £0.15 -1.62+£0.13 0.640892

TABLE 1: Bereitschaftspotential (BP) parameters between Method 1 and Method 2 across the

electrode sites

This table compares the BP parameters (early slope, late slope, peak amplitude, and onset time) recorded at electrode sites Cz, C3, and C4 during
Method 1 vs. Method 2. Data are presented as mean + standard deviation (SD), with corresponding p-values from paired t-tests.

Statistical analysis confirmed significant differences in BP parameters across all three electrode sites (Cz, C3,
and C4) when comparing the two methods. At site Cz, all four BP parameters, i.e., early slope (p < 0.001), late
slope (p <0.05), amplitude (p < 0.001), and onset time (p < 0.01), were significantly higher/earlier during
Method 1 than Method 2. The early slope, which reflects the initial buildup of neural activity associated with
motor preparation, and the late slope, representing activity closer to movement execution, both showed
significant differences, indicating that Method 1 more effectively engaged motor preparation-related neural
mechanisms. In addition, the significant increase in BP amplitude in Method 1 suggests a stronger overall
motor preparation response. The earlier onset time further highlights that participants began preparing for
movement earlier in Method 1, emphasizing heightened neural preparatory activity.

At site C3, significant differences were observed in early slope (p < 0.05), late slope (p < 0.05), and amplitude
(p < 0.001), but not in onset time (p = 0.582268). These results suggest that Method 1 induces more
pronounced neural activity in motor cortex regions at C3 (i.e., contralateral motor area for the movement),
particularly in the buildup and magnitude of motor preparation. However, the lack of difference in the onset
time at C3 indicates that while the magnitude of the neural response varies, the timing of motor preparation
remains similar across both methods. At site C4 (i.e., ipsilateral motor area), the only significant difference
observed was in BP amplitude (p < 0.05), with early slope (p = 0.151308), late slope (p = 0.141524), and onset
time (p = 0.640892) showing no significant differences. This suggests that although Method 1 enhances
neural responses in terms of amplitude, the timing and rate of neural activity buildup do not significantly
differ between the methods.

To summarize, the analysis indicates that significant differences in BP parameters were primarily observed
at sites Cz and C3, with all parameters showing significance at Cz and most at C3. At C4, only amplitude was
significant, suggesting that method 1 elicits stronger motor preparation-related brain activity, particularly
at Cz and C3.

Discussion

The present study provides insights into how movement precision affects various components of the BP,
revealing the role of cortical motor preparatory activity during voluntary movements. Our findings show that
Method 1, which involved precise wrist extension, elicited significantly stronger BP characteristics compared
to Method 2, in which movement precision was relaxed and random. Specifically, Method 1 was associated
with a steeper early slope, larger BP amplitudes, and earlier onset time, particularly at the vertex (Cz) and
contralateral motor area (C3) electrode sites. These findings suggest that tasks demanding precision may
engage motor cortical regions more extensively, supporting previous research linking task complexity to
increased BP activity and motor cortical involvement [15-20].
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Previous studies indicate that BP amplitude is greater in complex tasks requiring simultaneous or sequential
movements compared to simpler tasks [15], with activity localized primarily at the Cz electrode [16],
reflecting the supplementary motor area’s (SMA) role in coordinating complex motor actions [17]. In
addition, when tasks are more demanding, the SMA can be more active than the primary motor cortex [17],
and BP onset appears earlier as task complexity increases. This pattern aligns with our finding of earlier BP
onset and increased activation at the Cz electrode during Method 1, suggesting that motor preparatory
processes are mobilized more intensively when precise movements are required. Voluntary movements are
typically preceded by activation of the contralateral primary motor cortex, which follows initial SMA
activity, with late component and peak BP originating primarily from contralateral motor regions [6,18-20].
This synergy of SMA and contralateral M1 activation underpins motor readiness, particularly when
executing high-precision tasks [21]. The distinct BP characteristics observed in Method 1, including the
pronounced early slope and higher peak amplitude, reflect enhanced neural engagement in both the SMA
and contralateral motor cortex, emphasizing the role of motor synergies in facilitating precise movements.
The early slope represents the rate of neural activity buildup preceding movement initiation, and our
findings suggest that the precision demands of Method 1 activate motor cortical areas to a greater extent, a
process supported by motor synergies that optimize neural coordination for challenging tasks. This reflects
the SMA’s critical role in organizing coordinated activities across motor networks, which is crucial for high-
precision tasks [6,22]. Further, the Cz electrode exhibited an earlier BP onset in Method 1, implying that
motor preparation may start sooner when precision is required, aligning with studies indicating earlier SMA
activation in complex tasks [15]. The lack of significant onset differences at C3 and C4 suggests that these
regions may be less sensitive to movement precision, highlighting Cz’s unique role in engaging preparatory
synergies for complex tasks [16].

Clinically, BP monitoring offers valuable insights into motor coordination and preparatory activity, with
significant implications for neurodegenerative conditions like Parkinson’s disease (PD), where dopaminergic
deficits disrupt motor planning and reduce BP amplitude and slope [13,23]. Neurofeedback training to
enhance BP characteristics could improve motor coordination in PD by reinforcing motor circuitry [7],
particularly in the SMA and contralateral M1. BP amplitude has been shown to increase with neurofeedback
training, suggesting it could serve as a valuable indicator of motor preparedness [24]. Our results support BP
monitoring as a tool for developing personalized rehabilitation strategies focused on precision and motor
control. By measuring BP, patients can receive real-time feedback on their progress, facilitating
improvements in motor planning and execution by engaging motor synergies. This feedback could benefit
patients with motor impairments by reinforcing the focus on the motor preparation phase, which is essential
for enhancing motor control over time [25]. Such motor precision paradigm may be tested on post-stroke
patients during their recovery phase.

This study had certain limitations that should be acknowledged. First, the sample size was relatively small,
with only 15 participants, which may limit the generalizability of the findings. Second, the study focused on
an older population (40-60 years), and the results may not fully represent younger individuals. The quasi-
experimental design, while informative, could be strengthened by a randomized controlled trial (RCT) to
enhance the robustness of the conclusions. Furthermore, whole-brain mapping techniques could be
employed in future research to explore additional brain regions involved in motor precision. Future studies
may also investigate the dynamic interactions and functional connectivity patterns associated with varying
levels of motor precision. Lastly, the potential application of BP in neurorehabilitation, particularly for
conditions such as Parkinson’s disease and post-stroke recovery, warrants further exploration.

Conclusions

Our findings emphasize BP’s sensitivity to movement precision, highlighting its potential as a biomarker for
motor preparation and neurorehabilitation. Future studies examining the effect of movement precision on
BP across neurological conditions may expand its clinical applications. This will enable the design of more
personalized training protocols and provide new insights into the neural dynamics underlying motor
preparedness in health and disease.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Ashlesh Patil, Kanwal P. Kochhar
Acquisition, analysis, or interpretation of data: Ashlesh Patil
Drafting of the manuscript: Ashlesh Patil

Critical review of the manuscript for important intellectual content: Ashlesh Patil, Kanwal P. Kochhar

2025 Patil et al. Cureus 17(2): €79458. DOI 10.7759/cureus.79458 6 of 8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE
Supervision: Kanwal P. Kochhar

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. All India Institute of Medical Sciences, New Delhi, Institutional Review Board
(IRB) issued approval IESC/T-93. The study received approval from the Institutional Ethics Committee
(IESC/T-93) and was conducted in compliance with the ethical principles outlined in the World Medical
Association's Declaration of Helsinki (2000). Participants were well informed about the purpose of this
study, and written informed consent was taken from each following standard institutional ethical
guidelines. Confidentiality was maintained by encrypting and securely storing the participant data. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Haggard P: Human volition: towards a neuroscience of will . Nat Rev Neurosci. 2008, 9:934-46.
10.1038/nrn2497

2. Scott SH: Optimal feedback control and the neural basis of volitional motor control. Nat Rev Neurosci. 2004,
5:532-46. 10.1038/nrn1427

3. Ball T, Schreiber A, Feige B, Wagner M, Liicking CH, Kristeva-Feige R: The role of higher-order motor areas
in voluntary movement as revealed by high-resolution EEG and fMRI. Neuroimage. 1999, 10:682-94.
10.1006/nimg.1999.0507

4. Deecke L, Beisteiner R, Lang W: Human voluntary movement physiology as studied by DC-EEG, MEG,
SPECT and FMRI. Electroencephalogr Clin Neurophysiol Suppl. 1996, 47:295-311.

5. Kornhuber HH, Deecke L: Brain potential changes during voluntary and passive movements in humans:
readiness potential and reafferent potentials [Article in German]. Pfliig Arch Fiir Gesamte Physiol Menschen
Tiere. 1965, 284:1-17. 10.1007/BF004 12364

6. Colebatch JG: Bereitschaftspotential and movement-related potentials: origin, significance, and application
in disorders of human movement. Mov Disord. 2007, 22:601-10. 10.1002/mds.21323

7. Patil A, Kochhar KP: Bereitschaftspotentials as a tool to study motor neuroscience . Int J Sci Res. 2016,
5:1580-7.

8. Falvo M]J, Sirevaag EJ, Rohrbaugh JW, Earhart GM: Resistance training induces supraspinal adaptations:
evidence from movement-related cortical potentials. Eur ] Appl Physiol. 2010, 109:923-33. 10.1007/s0042.1-
010-1432-8

9. Siemionow V, Yue GH, Ranganathan VK, Liu JZ, Sahgal V: Relationship between motor activity-related
cortical potential and voluntary muscle activation. Exp Brain Res. 2000, 133:303-11. 10.1007/s002210000382

10. Kristeva R, Cheyne D, Lang W, Lindinger G, Deecke L: Movement-related potentials accompanying
unilateral and bilateral finger movements with different inertial loads. Electroencephalogr Clin
Neurophysiol. 1990, 75:410-8. 10.1016/0013-4694(90)90086-Y

11. Lattari E, Arias-Carrién O, Monteiro-Junior RS, et al.: Implications of movement-related cortical potential
for understanding neural adaptations in muscle strength tasks. Int Arch Med. 2014, 7:9. 10.1186/1755-7682-
7-9

12.  Oldfield R: The assessment and analysis of handedness: the Edinburgh inventory . Neuropsychologia. 1971,
9:97-113.

13.  Patil AL, Sood SK, Goyal V, Kochhar KP: Cortical potentials prior to movement in Parkinson’s disease . ] Clin
Diagn Res. 2017, 11:CC13-6. 10.7860/JCDR/2017/25520.9598

14.  Ashlesh P, Kumar SS, Preet KK, Vinay G: Deep brain stimulation of subthalamic nucleus helps in improving
late phase motor planning in Parkinson's disease. Clin Neurol Neurosurg. 2017, 160:30-7.
10.1016/j.clineuro.2017.06.011

15.  Benecke R, Dick JP, Rothwell JC, Day BL, Marsden CD: Increase of the Bereitschaftspotential in
simultaneous and sequential movements. Neurosci Lett. 1985, 62:347-52. 10.1016/0304-3940(85)90573-7

16. Simonetta M, Clanet M, Rascol O: Bereitschaftspotential in a simple movement or in a motor sequence
starting with the same simple movement. Electroencephalogr Clin Neurophysiol. 1991, 81:129-34.
10.1016/0168-5597(91)90006-]

17.  Tanji J: The supplementary motor area in the cerebral cortex . Neurosci Res. 1994, 19:251-68. 10.1016/0168-
0102(94)90038-8

18.  Deecke L: Bereitschaftspotential as an indicator of movement preparation in supplementary motor area and
motor cortex. Ciba Found Symp. 1987, 132:231-50. 10.1002/9780470513545.ch14

19. Jahanshahi M, Hallett M: The bereitschaftspotential: what does it measure and where does it come from?.
The Bereitschaftspotential. Jahanshahi M, Hallett M (ed): Springer, Boston, MA; 2003. 10.1007/978-1-4615-
0189-3_1

20. Botzel K, Plendl H, Paulus W, Scherg M: Bereitschaftspotential: is there a contribution of the supplementary
motor area?. Electroencephalogr Clin Neurophysiol. 1993, 89:187-96. 10.1016/0168-5597(9%)90132-9

21. Freude G, Ullsperger P: Changes in Bereitschaftspotential during fatiguing and non-fatiguing hand
movements. Eur | Appl Physiol Occup Physiol. 1987, 56:105-8. 10.1007/BF00696384

22. Shibasaki H, Hallett M: What is the Bereitschaftspotential?. Clin Neurophysiol. 2006, 117:2341-56.
10.1016/j.clinph.2006.04.025

2025 Patil et al. Cureus 17(2): €79458. DOI 10.7759/cureus.79458 70f8


https://dx.doi.org/10.1038/nrn2497
https://dx.doi.org/10.1038/nrn2497
https://dx.doi.org/10.1038/nrn1427
https://dx.doi.org/10.1038/nrn1427
https://dx.doi.org/10.1006/nimg.1999.0507
https://dx.doi.org/10.1006/nimg.1999.0507
http://pubmed.ncbi.nlm.nih.gov/9335994/
https://dx.doi.org/10.1007/BF00412364
https://dx.doi.org/10.1007/BF00412364
https://dx.doi.org/10.1002/mds.21323
https://dx.doi.org/10.1002/mds.21323
https://www.researchgate.net/publication/313904043_Bereitschaftspotentials_as_a_Tool_to_Study_Motor_Neuroscience
https://dx.doi.org/10.1007/s00421-010-1432-8
https://dx.doi.org/10.1007/s00421-010-1432-8
https://dx.doi.org/10.1007/s002210000382
https://dx.doi.org/10.1007/s002210000382
https://dx.doi.org/10.1016/0013-4694(90)90086-Y
https://dx.doi.org/10.1016/0013-4694(90)90086-Y
https://dx.doi.org/10.1186/1755-7682-7-9
https://dx.doi.org/10.1186/1755-7682-7-9
http://www.sciencedirect.com/science/article/abs/pii/0028393271900674
https://dx.doi.org/10.7860/JCDR/2017/25520.9598
https://dx.doi.org/10.7860/JCDR/2017/25520.9598
https://dx.doi.org/10.1016/j.clineuro.2017.06.011
https://dx.doi.org/10.1016/j.clineuro.2017.06.011
https://dx.doi.org/10.1016/0304-3940(85)90573-7
https://dx.doi.org/10.1016/0304-3940(85)90573-7
https://dx.doi.org/10.1016/0168-5597(91)90006-J
https://dx.doi.org/10.1016/0168-5597(91)90006-J
https://dx.doi.org/10.1016/0168-0102(94)90038-8
https://dx.doi.org/10.1016/0168-0102(94)90038-8
https://dx.doi.org/10.1002/9780470513545.ch14
https://dx.doi.org/10.1002/9780470513545.ch14
https://dx.doi.org/10.1007/978-1-4615-0189-3_1
https://dx.doi.org/10.1007/978-1-4615-0189-3_1
https://dx.doi.org/10.1016/0168-5597(93)90132-9
https://dx.doi.org/10.1016/0168-5597(93)90132-9
https://dx.doi.org/10.1007/BF00696384
https://dx.doi.org/10.1007/BF00696384
https://dx.doi.org/10.1016/j.clinph.2006.04.025
https://dx.doi.org/10.1016/j.clinph.2006.04.025

Cureus

Part of SPRINGER NATURE

23.  Cunnington R, Iansek R, Johnson KA, Bradshaw JL: Movement-related potentials in Parkinson's disease.
Motor imagery and movement preparation. Brain. 1997, 120 ( Pt 8):1339-53. 10.1093/brain/120.8.1339

24.  Fumuro T, Matsuhashi M, Mitsueda T, et al.: Bereitschaftspotential augmentation by neuro-feedback
training in Parkinson’s disease. Clin Neurophysiol Off ] Int Fed Clin Neurophysiol. 2013, 124:1398-405.
10.1016/j.clinph.2013.01.026

25. DiRussoF, Pitzalis S, Aprile T, Spinelli D: Effect of practice on brain activity: an investigation in top-level
rifle shooters. Med Sci Sports Exerc. 2005, 37:1586-93. 10.1249/01.mss.0000177458.71676.0d

2025 Patil et al. Cureus 17(2): €79458. DOI 10.7759/cureus.79458 8 of 8


https://dx.doi.org/10.1093/brain/120.8.1339
https://dx.doi.org/10.1093/brain/120.8.1339
https://dx.doi.org/10.1016/j.clinph.2013.01.026
https://dx.doi.org/10.1016/j.clinph.2013.01.026
https://dx.doi.org/10.1249/01.mss.0000177458.71676.0d
https://dx.doi.org/10.1249/01.mss.0000177458.71676.0d

	Comparative Analysis of Motor Preparation Using Bereitschaftspotential With Two Methods of Wrist Extension
	Abstract
	Introduction
	Materials And Methods
	Study design and participants
	Recording setup
	Experimental conditions
	Data parameters and statistical analysis

	Results
	FIGURE 1: Grand average Bereitschaftspotential (BP) recordings for both methods
	FIGURE 2: Comparison of Bereitschaftspotential (BP) parameters
	TABLE 1: Bereitschaftspotential (BP) parameters between Method 1 and Method 2 across the electrode sites

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


