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ABSTRACT 

 

 

 

 

Transcranial Magnetic Stimulation (TMS) is a device that is used to stimulate 

the brain for diagnostic or therapeutic purpose. It is usually used in post stroke 

treatment, depression treatment and pain control. Myriad research was done on the 

Muscle Evoked Potential (MEP) of the muscles when the TMS had been applied to 

the motor cortex of the brain. Most studies that involve single muscle are only either 

on the hand or leg. There are also studies involve multiple muscles for different goals 

and different targeted muscles. This study will focus on obtaining the optimum motor 

threshold that are out from the TMS to the motor cortex in order to obtain the MEP 

amplitude of the targeted muscles. The signals of the EMG of the APB, FCR and 

ADM were recorded using Bioradio analysed in Matlab by filter algorithm consists 

of High Pass filter and Notch filter. From the project, the MEP of the selected muscle 

were obtained with APB muscles with 0.12 mV, FCR is 0.11 mV and for muscle of 

ADM is 0.12 mV. The APB and ADM that have high MEP shows that it is easily 

stimulated by the TMS compare to FCR. The Motor Threshold that was obtained 

through this project is enough to make the targeted muscles responses of 64% from 

the full power of the TMS. This Motor Threshold can be used as the benchmark for 

other research on the minimum level of power needed by TMS. This minimum level 

power given to the subject is needed to study the reponse of three muscles involved. 

 

 

 

 



   vi 

 

 

 

ABSTRAK 

 

 

 

 

Transcranial Magnetic Stimulation (TMS) adalah sebuah peranti yang 

digunakan untuk merangsang otak sama ada untuk tujuan diagnosis atau terapi. 

Kebiasaanya ia digunakan untuk rawatan penyakit seperti rawatan selepas strok, 

depresi, mengawal kesakitan dan lain-lain. Ramai penyelidik telah melakukan kajian 

mengenai MEP pada otot apabila TMS dirangsang pada kawalan motor dibahagian 

otak. Kebanyakkannya hanya melibatkan penglibatan satu otot sama ada dibahagian 

tangan atau kaki. Terdapat juga kajian yang melibatkan penggunaan beberapa jenis 

otot tetapi mempunyai tujuan yang berbeza dan jenis ototnya yang digunakan juga 

berbeza. Kajian ini akan menfokuskan untuk mendapatkan nilai optima ambang 

motor yang diberikan oleh TMS kepada bahagian motor untuk mendapatkan 

amplitud MEP pada APB, FCR dan ADM. Bacaan EMG daripada otot uang dipilih 

akan direkod mengunakan Bioradio dan akan dianalisis lebih lanjut di dalam Matlab 

mengunakan algorithma penapis yang digunakan untuk menyah isyarat 50 Hz dan 

menyekat isyarat berfrekuensi rendah. Melalui kajian ini. MEP daripada otot uang 

dipilih telah diperoleh dengan ABP sebanyak 0.12mV, FCR sebanyak 0.11 mV dan 

otot ADM sebanyak 0.12 mV. ABP dan ADM mempunyai MEP yang tinggi 

menunjukkan ianya mudah untuk dirangsang oleh TMS berbanding FCR. Ambang 

motor yang diperolehi dari kajian ini yang sesuai unuk membuat otot yang 

disasarkan memberi respon adalah 64% daripada kuasa penuh TMS. Ambang motor 

ini boleh digunakan sebagai panduan kepada penyelidik lain mengenai para 

minimum tenaga yang diperlukan TMS untuk memberikan respon kepada ketiga-

tiga otot dalam kajian ini.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

This project was done to study MEP response due to TMS in multiple 

muscles. This chapter includes the background, problem statement, objective and 

scope of this project. 

 

 

 

1.1 Thesis Layout 

 

 This thesis consists of 5 chapters, starting from chapter 1 giving the 

background of this project, problem statement, objectives and scopes of the project. 

Inside chapter 2, literature review on the previous research that had been done before 

will be covered. Chapter 3 will elaborate on the material and experimental procedure 

that used in this project. Next, chapter 4 that will elaborate and discuss more on the 

results obtains from the experiment. Finally, the conclusions of this project were 

stated inside chapter 5. 
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1.2 Background 

 

Nervous system functions to give out commands to other organs for certain 

tasks. Nervous system consists of two parts which are central nervous system (CNS) 

and peripheral nervous system (PNS). Brain and spinal cords are in the CNS while 

PNS are the small nerves coming out from the CNS to the entire of the body. Brain 

is the main organ in our body and all the commands give out to the entire body come 

from it. The body will receive this information; send it to the brain to process and 

then being sent back to other part of the body to responds to the stimulus. Sometimes 

an obstruction occurs in the pathway from the receptor to the brain or from the brain 

to the motor. Researcher discovered these diseases after trying several methods and 

equipment that are suitable for several kind of diagnosis such as neurodegenerative, 

nerve injury and others. In order to understand more about the brain, first we need to 

understand the part of brain itself and it functions.  

 

Transcranial Magnetic Stimulation (TMS) is a technique that is being used to 

stimulate certain parts of the brain [1]. It is being used noninvasively to stimulate the 

brain by generating a brief and high intensity of magnetic field to the part of the 

brain and see the effect of it reaction to the other parts of the body. The magnetic 

field being generated by passing brief current into the magnetic coil and the 

magnetic field will start to be generated from this process. The idea of TMS has 

been started based on Michael Faraday’s principle where each current that passed 

through a wire will generate a magnetic field on it surrounding. If there is another 

wire near the first wire that having electric current inside it, the magnetic field 

produce from the first wire will induces another electric current to flow in the second 

wire [2]. Based on this principle, researchers are applying this concept in the 

research involving TMS as there are similarities on the characteristics of the part 

itself. The coil of the TMS act as the first wire and the human brain will function as 

the second wire in which it induced by the TMS coil for research purpose or 

treatment. The electrical energy given by the TMS to induce the motor cortex is 

called Motor Threshold (MT) and it is varies across individuals. The intensity of 

TMS given is relative to the MT. Study done by [3] observed in a depressed cohort 
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that the MT increases as the distance from coil to cortex increase.  Study on resting 

motor threshold (MT) were done by [4] stated that the MT were defined as the 

intensity of the stimulation in which the Motor Evoked Potential (MEP) are recorded 

with the surface Electromyography (EMG) is about 50% out of 11–20 consecutive 

trial. 

  

There is another device commonly used by the researcher to detect brain 

activity which is Electroencephalogram (EEG). EEG is used to diagnose epilepsy. In 

addition, it also used to diagnose sleep disorders, coma, encephalopathy, brain death, 

and diagnosis of tumours, stroke and other focal brain disorders. Derivatives of the 

EEG technique include evoked potentials (EP), which involves averaging the EEG 

activity time-locked to show the present of a stimulus in visual, somatosensory, or    

auditory. Event-related potentials (ERP) refer to averaged EEG responses that are 

time-locked to more complexes processing of stimuli. EP commonly occurs in 

response to a physical stimulus in which the physical stimuli are converted to 

patterns of energy which are received by the senses and they are corresponded to the 

sensory receptors to convert this energy into nerve impulse to the brain [5]. The 

nerve impulses interpreted in the cerebral cortex as sensations in which these 

sensations been evoked by delivering auditory stimuli such as click stimuli or tone 

burst stimuli. 

  

Visual evoked potential is an electrical signal trigger from the brain during a 

visual presented to the subject. It can be used to detect ocular diseases in patients 

who are visually impaired [5]. The responses can be used to detect eye diseases like 

glaucoma, diabetic retinopathy, multiple sclerosis, loss of peripheral (side) vision, 

macular degeneration and colour blindness. Additionally, there is Auditory Evoked 

Potential (AEP) which is an electrical signal produce from the brain while an 

auditory stimulus is given to the subject. The signal consists of reproducible positive 

or negative peaks, latency, amplitude and behavioural correlation [5]. The amplitude 

produced is much smaller compared to the EEG signals. This signal can be separated 

as either transient or steady-state. The AEP signal is triggered while perceiving 
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audio stimuli with slow rate to avoid overlapping of the immediate stimuli response 

and the corresponding evoked potentials are known as transient AEP.  

 

EEG and TMS can detect the functions of the brain. However, for EEG, it is 

not capable of inducing any magnetic field in the brain in order to see the body 

reaction. EEG can detect the nerve of the body and whether it can function normally 

or not but is only suitable for certain conditions, such as Auditory Evoked Response 

(AER) and Visual Evoked Response (VER). TMS on the other hand, can be used to 

detect the functionality of the nerve between the brain and the other motor sensory. 

Therefore, we use TMS to generate some electrical impulse from the brain to see the 

condition of the nerve from the brain to the target muscle by measuring the EMG of 

the target muscle. 

 

While AER is used for checking the nerve connection between brain and ear 

and VER is used for checking the nerve connection between the brain and eyes, 

MEP is used to check the nerve condition between the brain and the muscles which 

use the same principle as AER and VER where all of them were evoked by certain 

stimulus. The AER is used to study the auditory performance by using sound as 

stimulus, VER for the study of visual performance by giving visual stimulus while 

MEP is used to study muscle performance by stimulating the brain to evoke the 

resting muscles or by moving the muscles voluntarily. The study involving muscles 

performance will use MEP data instead of AER and VER. Most of the study 

involving motor function will use MEP of the targeted muscles for evaluation of 

certain disease. From a clinical perspective, the uses of MEP are as a tool for 

diagnosis and evaluation of multiple sclerosis and as a prognostic indicator after 

stroke motor recovery [6]. The MEP amplitude also been choose for muscle 

evaluation because its amplitude can be used to infer the structural integrity of 

corticospinal tracts of the subjects [7].    

 

Many studies have been done using TMS on the performance of single and 

multiples muscles.  Study on single muscle such as APB have been done on stroke 
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patients [8] and healthy subjects [3]. Others single muscles that been study including 

EDC from [9], ADM from [10] and FDI [11]. The MEP should be obtained from 

multiple muscles compared to single muscles because the MEP of each muscle 

obtained from different experiments are different due to delay in response time [12]. 

Many researches involve multiple muscles either on the upper limb or lower limb. 

The recent studies are focusing more on the upper limb compared to the lower limb. 

Researcher from [13] and [14] do their study on multiple muscle involving 

swallowing muscle.  

 

Meanwhile, researchers from [15] and [12] do their study on the upper limb 

muscles such as APB, FDI, FCR and ADM but for different purposes of study. 

Researchers from [15] study focusing on the upper limb to find the motor mapping 

on the brain using the MEP results while researcher from [12] do their study 

focusing on the MEP latency of the subjects using MEP value. The differences of 

this study from [12] and [15] are this study focusing on obtaining the range of MEP 

amplitude at minimum Motor Threshold. More study on multiple muscle done by 

[16] on extensor pollicis brevis (EPB) to evaluate the corticospinal excitability of 

both hemispheres of the brain during the reaction times. Other study involving 

extensor spine muscles and multiple muscles of the abdominal were done by [17], 

[18] respectively. 

 

This project will focus more on the MEP amplitude of the muscles of upper 

limb which are APB, FCR and ADM at the minimum TMS power to identify the 

range of MEP amplitude that healthy subjects have at minimum Motor Threshold. 

The purpose of choosing APB, FCR and ADM instead of  lower limb or other 

muscles in the body are because the distal muscle are easier to evoke a response 

from compared to proximal muscles due to the larger cortical representation [19] and 

lower activation thresholds [20] present on this area. The muscle of FCR, ADM and 

APB also contract independently compare to another muscle near this area [21]. 
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1.3 Problem Statement 

 

The existing method of using TMS is to measure the effective of the 

treatment towards the subjects who have nerve dysfunction. The study done is 

focused on investigating the activity of multiple muscles of healthy subject induced 

by the TMS simultaneously already done but less focusing on the MEP amplitude of 

the subjects. The different MEP amplitude might occur between each targeted 

muscle due to different latency [12]. There are some researcher do their study on the 

same interest but on different targeted muscles. Researcher might have difficulties 

comparing the healthy subject with subject that have diseases due to less study 

focusing on the MEP amplitude itself. Research done mostly focus on finding the 

motor mapping using MEP amplitude and some researcher do their study on MEP 

latency. Therefore this study is done to study the activity of the motor function of the 

healthy subject when TMS is induced to act as fundamental for other researchers.     

 

 

 

1.4 Objectives 

 

The aims of this project are as follows: 

1. To study the optimum level of the Motor Threshold for healthy subjects 

when double TMS applied.  

2. To employ EMG measurement algorithm that can detect the Motor 

Threshold from EMG signal. 

3. To differentiate the Motor Evoked Potential response of abductor pollicis 

brevis, flexor carpi radialis and abductor digiti minimi..  
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1.5 Scope 

 

This study involves 20 healthy adults as recommended by [15] with age 

range between 20 to 28 years old. It consists of both males and females. The muscles 

involved in this study are flexor carpi radialis, abductor digiti minimi and abductor 

pollicis brevis. TMS with C-B60 Coil (figure 8 coils) was used in this study because 

it deliver high power compare to single coil TMS and the EMG was taken with 

bipolar electrode configuration.  

 

The TMS will be applied on the motor cortex area at the brain while the 

EMG electrode will be placed at the FCR, ADM, and ABP. This experiment will be 

done three times at the same day the subject undergoes the experiment to find the 

consistency of the data obtained. This experiment was conducted at the Neural 

Engineering Lab at Faculty of Bioscience and Medical Engineering, University 

Teknologi Malaysia, Skudai.  

 

 

 

 

 

 



   45 

Reference 

[1] L. Grunhaus, D. Polak, R. Amiaz, and P. N. Dannon, “Motor-evoked potential 

amplitudes elicited by transcranial magnetic stimulation do not diff erentiate 

between patients and normal controls,” Int. J. Neuropsychopharmacol., vol. 6, 

pp. 371–378, 2003. 

[2] V. Reid, “Transcranial magnetic stimulation.,” Phys Med Rehabil Clin N Am, 

vol. 14, no. 2, p. 307--25, ix, 2003. 

[3] K. A. McConnell et al., “The transcranial magnetic stimulation motor 

threshold depends on the distance from coil to underlying cortex: A replication 

in healthy adults comparing two methods of assessing the distance to cortex,” 

Biol. Psychiatry, vol. 49, no. 5, pp. 454–459, 2001. 

[4] R. PM et al., “Non- invasive electrical and magnetic stimulation of the brain, 

spinal cord and roots: basic principles and procedures for routine clinical 

application. Report of an IFCN committee,” Electroencephalogr Clin 

Neurophysiol, vol. 91, pp. 72–92, 1994. 

[5] M. P. Paulraj, K. Subramaniam, S. Bin Yaccob, A. H. Bin Adom, and C. R. 

Hema, “Auditory evoked potential response and hearing loss: A review,” 

Open Biomed. Eng. J., vol. 9, pp. 17–24, 2015. 

[6] M. Jasvinder Chawla, MD, MBA; Chief Editor: Selim R Benbadis, “Motor 

Evoked Potentials,” Mot. Evoked Potentials Overview, Corticospinal Connect. 

Magn. Electr. Stimul. 

[7] R. Chen, B. Corwell, Z. Yaseen, M. Hallett, and L. G. Cohen, “Mechanisms of 

cortical reorganization in lower-limb amputees.,” J. Neurosci., vol. 18, no. 9, 

pp. 3443–50, 1998. 

[8] M. L. Byrnes, G. W. Thickbroom, B. A. Phillips, S. A. Wilson, and F. L. 

Mastaglia, “Physiological studies of the corticomotor projection to the hand 

after subcortical stroke,” Clin. Neurophysiol., vol. 110, no. 3, pp. 487–498, 

1999. 

[9] A. Turton, S. Wroe, N. Trepti, C. Fraser, and R. N. Lemon, “PS-42-2 

Ipsilateral EMG responses to transcranial magnetic stimulation during 

recovery of arm and hand function after stroke,” Electroencephalogr. Clin. 

Neurophysiol. Mot. Control, vol. 97, no. 4, p. S192, 1995. 

[10] P. Cicinelli, R. Traversa, A. Bassi, G. Scivoletto, and P. M. Rossini, 

“Interhemispheric differences of hand muscle representation in human motor 

cortex,” Muscle and Nerve, vol. 20, no. 5, pp. 535–542, 1997. 

[11] D. Balslev, W. Braet, C. McAllister, and R. C. Miall, “Inter-individual 

variability in optimal current direction for transcranial magnetic stimulation of 

the motor cortex,” J. Neurosci. Methods, vol. 162, no. 1–2, pp. 309–313, 2007. 

[12] S. C. LIVINGSTON and C. D. INGERSOLL, “Intra-Rater Reliability of a 

Transcranial Magnetic Stimulation Technique To Obtain Motor Evoked 

Potentials,” Int. J. Neurosci., vol. 118, no. 2, pp. 239–256, 2008. 

[13] E. K. Plowman-Prine, W. J. Triggs, M. P. Malcolm, and J. C. Rosenbek, 

“Reliability of transcranial magnetic stimulation for mapping swallowing 

musculature in the human motor cortex,” Clin. Neurophysiol., vol. 119, no. 10, 

pp. 2298–2303, 2008. 

[14] S. H. Doeltgen, M. C. Ridding, G. A. O’Beirne, J. Dalrymple-Alford, and M. 

L. Huckabee, “Test-retest reliability of motor evoked potentials (MEPs) at the 

submental muscle group during volitional swallowing,” J. Neurosci. Methods, 

vol. 178, no. 1, pp. 134–137, 2009. 



   46 

[15] M. P. Malcolm, W. J. Triggs, K. E. Light, O. Shechtman, G. Khandekar, and 

L. J. Gonzalez Rothi, “Reliability of motor cortex transcranial magnetic 

stimulation in four muscle representations,” Clin. Neurophysiol., vol. 117, no. 

5, pp. 1037–1046, 2006. 

[16] A. Pascual-Leone, “Human corticospinal excitability evaluated with 

transcranial magnetic stimulation during different reaction time paradigms.,” 

Brain, vol. 123, no. 6, pp. 1161–1173, 2000. 

[17] D. A. Goss, R. L. Hoffman, and B. C. Clark, “Utilizing Transcranial Magnetic 

Stimulation to Study the Human Neuromuscular System,” J. Vis. Exp., no. 59, 

2012. 

[18] H. Tsao, M. P. Galea, and P. W. Hodges, “Concurrent excitation of the 

opposite motor cortex during transcranial magnetic stimulation to activate the 

abdominal muscles,” J. Neurosci. Methods, vol. 171, no. 1, pp. 132–139, 

2008. 

[19] W. Penfield and E. Boldrey, “Somatic Motor and Sensory Representation in 

Man,” Brain, pp. 389–443, 1937. 

[20] M. Cortes, R. M. Black-Schaffer, and D. J. Edwards, “Transcranial magnetic 

stimulation as an investigative tool for motor dysfunction and recovery in 

stroke: An overview for neurorehabilitation clinicians,” Neuromodulation, vol. 

15, no. 4, pp. 319–325, 2012. 

[21] J. Barnes, M. Dyson, and K. Nazarpour, “Comparison of hand and forearm 

muscle pairs in controlling of a novel myoelectric interface,” 2016 IEEE Int. 

Conf. Syst. Man, Cybern. SMC 2016 - Conf. Proc., no. Smc 2016, pp. 2846–

2849, 2017. 

[22] P. M. Rossini and S. Rossi, “Transcranial magnetic stimulation: Diagnostic, 

therapeutic, and research potential,” Neurology, vol. 68, no. 7, pp. 484–488, 

2007. 

[23] S. Rossi and P. M. Rossini, “TMS in cognitive plasticity and the potential for 

rehabilitation,” Trends Cogn. Sci., vol. 8, no. 6, pp. 273–279, 2004. 

[24] N. Arai, S. Okabe, T. Furubayashi, Y. Terao, K. Yuasa, and Y. Ugawa, 

“Comparison between short train, monophasic and biphasic repetitive 

transcranial magnetic stimulation (rTMS) of the human motor cortex,” Clin. 

Neurophysiol., vol. 116, no. 3, pp. 605–613, 2005. 

[25] J. Tallus, P. Lioumis, H. Hämäläinen, S. Kähkönen, and O. Tenovuo, “Long-

lasting TMS motor threshold elevation in mild traumatic brain injury,” Acta 

Neurol. Scand., vol. 126, no. 3, pp. 178–182, 2012. 

[26] C. M. Stinear, P. A. Barber, J. P. Coxon, M. K. Fleming, and W. D. Byblow, 

“Priming the motor system enhances the effects of upper limb therapy in 

chronic stroke,” Brain, vol. 131, no. 5, pp. 1381–1390, 2008. 

[27] S. Vucic, G. A. Nicholson, and M. C. Kiernan, “Cortical hyperexcitability 

may precede the onset of familial amyotrophic lateral sclerosis,” Brain, vol. 

131, no. 6, pp. 1540–1550, 2008. 

[28] M. A. Perez and L. G. Cohen, “Mechanisms underlying functional changes in 

the primary motor cortex ipsilateral to an active hand,” J. Neurosci., vol. 28, 

no. 22, pp. 5631–5640, 2008. 

[29] M. I. Garry and R. H. S. Thomson, “The effect of test TMS intensity on short-

interval intracortical inhibition in different excitability states,” Exp. Brain 

Res., vol. 193, no. 2, pp. 267–274, 2009. 

[30] S. Borgomaneri, V. Gazzola, and A. Avenanti, “Temporal dynamics of motor 

cortex excitability during perception of natural emotional scenes,” Soc. Cogn. 



   47 

Affect. Neurosci., vol. 9, no. 10, pp. 1451–1457, 2014. 

[31] L. Fadiga, L. Craighero, and E. Olivier, “Human motor cortex excitability 

during the perception of others’ action,” Curr. Opin. Neurobiol., vol. 15, no. 2, 

pp. 213–218, 2005. 

[32] L. A. Wheaton, F. Villagra, D. F. Hanley, R. F. Macko, and L. W. Forrester, 

“Reliability of TMS motor evoked potentials in quadriceps of subjects with 

chronic hemiparesis after stroke,” J. Neurol. Sci., vol. 276, no. 1–2, pp. 115–

117, 2009. 

[33] A. Cacchio et al., “Reliability of TMS-related measures of tibialis anterior 

muscle in patients with chronic stroke and healthy subjects,” J. Neurol. Sci., 

vol. 303, no. 1–2, pp. 90–94, 2011. 

[34] P. Diehl, U. Kliesch, V. Dietz, and A. Curt, “Impaired facilitation of motor 

evoked potentials in incomplete spinal cord injury,” J. Neurol., vol. 253, no. 1, 

pp. 51–57, 2006. 

[35] K. N. Mileva, J. L. Bowtell, and A. R. Kossev, “Effects of low-frequency 

whole-body vibration on motor-evoked potentials in healthy men.,” Exp. 

Physiol., vol. 94, no. 1, pp. 103–16, 2009. 

[36] A. A. van Kuijk, J. W. Pasman, H. T. Hendricks, M. J. Zwarts, and A. C. H. 

Geurts, “Predicting Hand Motor Recovery in Severe Stroke: The Role of 

Motor Evoked Potentials in Relation to Early Clinical Assessment,” 

Neurorehabil Neural Repair, p. 1545968308317578, 2008. 

[37] A. Pizzi, R. Carrai, C. Falsini, M. Martini, S. Verdesca, and A. Grippo, 

“Prognostic value of motor evoked potentials in motor function recovery of 

upper limb after stroke,” J. Rehabil. Med., vol. 41, no. 8, pp. 654–660, 2009. 

[38] L. Piron, F. Piccione, P. Tonin, and M. Dam, “Clinical correlation between 

motor evoked potentials and gait recovery in poststroke patients,” Arch. Phys. 

Med. Rehabil., vol. 86, no. 9, pp. 1874–1878, 2005. 

[39] A. K. Thompson and R. B. Stein, “Short-term effects of functional electrical 

stimulation on motor-evoked potentials in ankle flexor and extensor muscles,” 

Exp. Brain Res., vol. 159, no. 4, pp. 491–500, 2004. 

[40] V. W. Batista E Sá et al., “Primary Motor Cortex Representation of Handgrip 

Muscles in Patients with Leprosy.,” PLoS Negl. Trop. Dis., vol. 9, no. 7, p. 

e0003944, 2015. 

[41] A. Christie, B. Fling, R. T. Crews, L. A. Mulwitz, and G. Kamen, “Reliability 

of motor-evoked potentials in the ADM muscle of older adults,” J. Neurosci. 

Methods, vol. 164, no. 2, pp. 320–324, 2007. 

[42] S. C. Livingston, H. P. Goodkin, and C. D. Ingersoll, “The influence of 

gender, hand dominance, and upper extremity length on motor evoked 

potentials,” J. Clin. Monit. Comput., vol. 24, no. 6, pp. 427–436, 2010. 

[43] A. Oliviero et al., “Effects of aging on motor cortex excitability,” Neurosci. 

Res., vol. 55, no. 1, pp. 74–77, 2006. 

[44] L. Säisänen et al., “Motor potentials evoked by navigated transcranial 

magnetic stimulation in healthy subjects.,” J. Clin. Neurophysiol., vol. 25, no. 

6, pp. 367–372, 2008. 

[45] G. Kamen, “Reliability of motor-evoked during resting and active contraction 

conditions,” Med. Sci. Sports Exerc., vol. 36, no. 9, pp. 1574–1579, 2004. 

[46] W. G. Darling, S. L. Wolf, and A. J. Butler, “Variability of motor potentials 

evoked by transcranial magnetic stimulation depends on muscle activation,” 

Exp. Brain Res., vol. 174, no. 2, pp. 376–385, 2006. 

[47] J. Stupacher, M. J. Hove, G. Novembre, S. Schütz-Bosbach, and P. E. Keller, 



   48 

“Musical groove modulates motor cortex excitability: A TMS investigation,” 

Brain Cogn., vol. 82, no. 2, pp. 127–136, 2013. 

[48] P. Svensson, T. S. Miles, D. McKay, and M. C. Ridding, “Suppression of 

motor evoked potentials in a hand muscle following prolonged painful 

stimulation,” Eur. J. Pain, vol. 7, no. 1, pp. 55–62, 2003. 

[49] M. Kanda et al., “Transcranial magnetic stimulation (TMS) of the 

sensorimotor cortex and medial frontal cortex modifies human pain 

perception,” Clin. Neurophysiol., vol. 114, no. 5, pp. 860–866, 2003. 

[50] L. Avanzino, M. Bove, C. Trompetto, A. Tacchino, C. Ogliastro, and G. 

Abbruzzese, “1-Hz repetitive TMS over ipsilateral motor cortex influences the 

performance of sequential finger movements of different complexity,” Eur. J. 

Neurosci., vol. 27, no. 5, pp. 1285–1291, 2008. 

[51] N. Takeuchi, T. Chuma, Y. Matsuo, I. Watanabe, and K. Ikoma, “Repetitive 

transcranial magnetic stimulation of contralesional primary motor cortex 

improves hand function after stroke,” Stroke, vol. 36, no. 12, pp. 2681–2686, 

2005. 

[52] N. Takeuchi, T. Tada, M. Toshima, T. Chuma, Y. Matsuo, and K. Ikoma, 

“Inhibition of the unaffected motor cortex by 1 HZ repetitive transcranial 

magnetic stimulation enhances motor performance and training effect of the 

paretic hand in patients with chronic stroke,” J. Rehabil. Med., vol. 40, no. 4, 

pp. 298–303, 2008. 

[53] A. B. Conforto et al., “Transcranial magnetic stimulation in mild to severe 

hemiparesis early after stroke: A proof of principle and novel approach to 

improve motor function,” J. Neurol., vol. 259, no. 7, pp. 1399–1405, 2012. 

[54] E. M. Khedr, M. R. Abdel-Fadeil, A. Farghali, and M. Qaid, “Role of 1 and 3 

Hz repetitive transcranial magnetic stimulation on motor function recovery 

after acute ischaemic stroke,” Eur. J. Neurol., vol. 16, no. 12, pp. 1323–1330, 

2009. 

[55] T. H. Emara et al., “Repetitive transcranial magnetic stimulation at 1Hz and 

5Hz produces sustained improvement in motor function and disability after 

ischaemic stroke,” Eur. J. Neurol., vol. 17, no. 9, pp. 1203–1209, 2010. 

[56] E. M. Khedr, A. E. Etraby, M. Hemeda, A. M. Nasef, and A. A. E. Razek, 

“Long-term effect of repetitive transcranial magnetic stimulation on motor 

function recovery after acute ischemic stroke,” Acta Neurol. Scand., vol. 121, 

no. 1, pp. 30–37, 2010. 

[57] E. Houdayer, A. Degardin, F. Cassim, P. Bocquillon, P. Derambure, and H. 

Devanne, “The effects of low- and high-frequency repetitive TMS on the 

input/output properties of the human corticospinal pathway,” Exp. Brain Res., 

vol. 187, no. 2, pp. 207–217, 2008. 

[58] J. P. Lefaucheur, I. Ménard-Lefaucheur, C. Goujon, Y. Keravel, and J. P. 

Nguyen, “Predictive value of rTMS in the identification of responders to 

epidural motor cortex stimulation therapy for pain,” J. Pain, vol. 12, no. 10, 

pp. 1102–1111, 2011. 

[59] Y.-C. Lin et al., “Repetitive Transcranial Magnetic Stimulation for the 

Treatment of Restless Legs Syndrome.,” Chin. Med. J. (Engl)., vol. 128, no. 

13, pp. 1728–31, 2015. 

[60] N. André-Obadia, R. Peyron, P. Mertens, F. Mauguière, B. Laurent, and L. 

Garcia-Larrea, “Transcranial magnetic stimulation for pain control. Double-

blind study of different frequencies against placebo, and correlation with 

motor cortex stimulation efficacy,” Clin. Neurophysiol., vol. 117, no. 7, pp. 



   49 

1536–1544, 2006. 

[61] A. Passard et al., “Effects of unilateral repetitive transcranial magnetic 

stimulation of the motor cortex on chronic widespread pain in fibromyalgia,” 

Brain, vol. 130, no. 10, pp. 2661–2670, 2007. 

[62] R. Defrin, L. Grunhaus, D. Zamir, and G. Zeilig, “The Effect of a Series of 

Repetitive Transcranial Magnetic Stimulations of the Motor Cortex on Central 

Pain After Spinal Cord Injury,” Arch. Phys. Med. Rehabil., vol. 88, no. 12, pp. 

1574–1580, 2007. 

[63] A. Mishory, C. Molnar, F. A. Kozel, and M. S. George, “The Maximum-

likelihood Strategy for Determining Transcranial Magnetic Stimulation Motor 

Threshold , Using,” vol. 20, no. 3, pp. 160–165, 2004. 

[64] M. G. Stokes, “Simple Metric For Scaling Motor Threshold Based on Scalp-

Cortex Distance: Application to Studies Using Transcranial Magnetic 

Stimulation,” J. Neurophysiol., vol. 94, no. 6, pp. 4520–4527, 2005. 

[65] M. D. F. Andrew Kozel, M.D. Ziad Nahas, M.D. Cart deBrux, B.S. Monica 

Molloy, M.S.N. Jeffrey P. Lorberbaum, M.D. Daryl Bohning, Ph.D. S. Craig 

Risch, M.D. Mark S. George and R, “How Coil–Cortex Distance Relates to 

Age, Motor Threshold, and Antidepressant Response to Repetitive 

Transcranial Magnetic Stimulation F.,” J376 J Neuropsychiatry Clin Neurosci 

123, vol. 268, no. 11, p. 1473, 2000. 

[66] F. Awiszus, “TMS and threshold hunting,” vol. 56, no. usually 10, pp. 13–23, 

2003. 

[67] A. N. Karabanov, E. Raffin, and H. R. Siebner, “The resting motor threshold - 

Restless or resting? A repeated threshold hunting technique to track dynamic 

changes in resting motor threshold,” Brain Stimul., vol. 8, no. 6, pp. 1191–

1194, 2015. 

[68] A. B. Conforto, W. J. Z’Graggen, A. S. Kohl, K. M. Rösler, and A. Kaelin-

Lang, “Impact of coil position and electrophysiological monitoring on 

determination of motor thresholds to transcranial magnetic stimulation,” Clin. 

Neurophysiol., vol. 115, no. 4, pp. 812–819, 2004. 

[69] Http://www.roxon.ca/uploads/document/5 3eaef1bd90d.pdf, “No Title.” . 

[70] http://www.magventure.com/en-gb/Products/MagPro-magnetic-

stimulators/MagPro-Compact, “No Title.” 

[71] S. H. Lisanby, D. Gutman, B. Luber, C. Schroeder, and H. A. Sackeim, “Sham 

TMS: Intracerebral measurement of the induced electrical field and the 

induction of motor-evoked potentials,” Biol. Psychiatry, vol. 49, no. 5, pp. 

460–463, 2001. 

[72] M. N. Jamaludin, “Muscles Notes,” vol. 2 , 2016. 




