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Effects of Transcranial Magnetic Stimulation on Cognitive Function

Sang Min Lee, BS,"” Jeong-Ho Chae, MD"**

'Department of Biomedical & Health Science, The Catholic University of Korea, Seoul, Korea
’Institute of Biomedical Industry, Catholic Medical Center, Seoul, Korea
*Department of Psychiatry, The Catholic University of Korea College of Medicine, Seoul, Korea

Transcranial magnetic stimulation (TMS) is a safe, noninvasive and useful technique for exploring brain function. Especially, for the
study of cognition, the technique can modulate a cognitive performance if the targeted area is engaged, because TMS has an effect on
cortical network. The effect of TMS can vary depending on the frequency, intensity, and timing of stimulation. In this paper, we review
the studies with TMS targeting various regions for evaluation of cognitive function. Cognitive functions, such as attention, working
memory, semantic decision, discrimination and social cognition can be improved or deteriorated according to TMS stimulation proto-
cols. Furthermore, potential therapeutic applications of TMS, including therapy in a variety of illness and research into cortical local-
ization, are discussed.
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Table 1. Studies with transcranial magnetic stimulation targeting frontal cortex

Effects of TMS on Cognition I Lee SM, et al

Reference Category  Region  Hemisphere  Protocol  Paradigm Task Effect
Drager et al.* Broca's 1 Hz OFF-line  Picture-word match Improvement
Frontal ~ area
Knoch et al.?® cortex  DLPFC Left 1 Hz OFF-line  Random number
generation
Kalbe et al.?” Right 1 Hz OFF-line  Theory of mind Deterioration
Camus et al.® Right 1 Hz OFF-line  Economic valuation
Buckholtz et al.”” Left orright 1 Hz OFF-line  Punishment behavior
Skrdlantovd et al.'® Left 1 Hz ON-line  Verbal working memory  Deterioration
Turriziani et al.'” Right 1 Hz ON-line  Recognition working Improvement
memory
Basso et al.?? Bilateral 1 Hz ON-line  Visuo-spatial planning Deterioration
Solé-Paduliés et al.*” Left 5Hz OFF-line Face-name memory Improvement
Gaudeau-Bosma et al.*®? Left 10 Hz OFF-ine  N-back Improvement
Kim et al.® Left 10 Hz OFF-line  Stroop Improvement
Vanderhasselt et al.? Left 10 Hz OFF-line  Stroop Improvement
Hwang et al.* Left 10 Hz OFF-line  Visual attention Improvement
Vanderhasselt et al.*” Right 10 Hz OFF-line  Task-swithcing Improvement
Knoch et al.”” Right 10 Hz OFF-line  Random number
generation
Preston et al.*¥ Bilateral 10 Hz OFF-line  Working memory Improvement
Wagner et al.*’ Left 20 Hz OFF-line Divided attention Deterioration
Sandrini et al.* Left 10 Hz ON-line Verbal, spatial n-back Deterioration
Hawco et al.® Left 10 Hz ON-ine  Self-initiated memory Deterioration
Hawco et al.® Left 10 Hz ON-line  Nonself-initiated memory Improvement
Hamidi et al.* Right 10 Hz ON-line  Spatial working memory  Improvement
Hamidi et al.*¥ Left orright 10 Hz ON-line Spatial working memory  Deterioration
Viggiano et al.*”) Left orright 10 Hz ON-line  Object identification Deterioration
Manenti et al.*” Left orright 10 Hz ON-line  Face-name memory Deterioration
Manenti et al.*” Left orright 10 Hz ON-line Senfence comprehension Deterioration
Koch et al.*” Right 25 Hz ON-line  Spatial working memory  Deterioration
Blumenfeld et al.*” Left cTBS OFF-line  Item recogntion, memory Improvement
Kalla et al.* Right cTBS OFF-line  Visual search Deterioration
Turriziani et al.'” Right iTBS ON-line  Recognition working Deterioration
memory
Gagnon et al.*” Left orright Paired-pulse ON-line Recognition working Improvement
memory
Smith et al.*” FEF Right 28 Hz ON-line  Visually cued auditory Deterioration
attention
Wipfli et al.*” Right Paired-pulse  ON-line  Memory-guided saccade Improvement
Debarnot et al.* Frontopolar Left iTBS OFF-line  Prospective memory Improvement
Chambers et al.® IFG Right 1 Hz OFF-line  Stop-signal inhibition Deterioration
Pobric and Hamilton*” Left 5Hz ON-line  Action understanding Deterioration
Sakai et al.* Left Paired-pulse  ON-line  Syntactic processing Improvement
Bahlmann et al.?” IFS 1 Hz OFF-ine  Task switching Deterioration
Mattavelli et al.” mPFC Left 2 pulses ON-line Implicit preference
Krause et al.”” Bilateral 1 Hz OFF-line  Theory of mind (high EQ  Deterioration
group)
Krause et al.?’ Bilateral 1 Hz OFF-line  Theory of mind (low EQ Improvement
group)
Goh et al.? PMd Left 1 Hz OFF-ine Dual-task practice Deterioration

Jjournal.biolpsychiatry.or.kr 91



Korean J Biol Psychiatry 1 2016;23(3):89-101

Table 1. Studies with transcranial magnetic stimulation targeting frontal cortex (continued)

Reference Category Region  Hemisphere  Protocol  Paradigm Task Effect
Chambers et al. Right 1 Hz OFF-line  Response competition Improvement
Stadler et al.®® Left 10 Hz ON-line  Action prediction Deterioration
Cattaneo et al.”® PMv Left orright Single-pulse  ON-line  Action understanding Improvement
Herwig et al.® Premotor  Left 15 Hz ON-line  Alphabet working memory Deterioration
Blumenfeld et al.”” VLPFC Left cTBS OFF-line  Item recogntion, memory Deterioration

FEF : frontal eye field, IFG : inferior frontal gyrus, IFS : inferior frontal sulcus, mPFC : medial prefrontal cortex, PMd : dorsal premotor
cortex, PMv : ventral premotor cortex, VLPFC : ventrolateral prefrontal cortex, EQ : emotional quotient
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Table 2. Studies with transcranial magnetic stimulation targeting parietal, temporal and occipital cortex

Reference Category  Region  Hemisphere  Protocol  Paradigm Task Effect
Hirnstein et al.*? Parietal  ANG Left 1 Hz OFF-line  Left-right discrimination  Deterioration
Davey et al.®? Cortex Left 1 Hz OFF-line  Picture-word matching Deterioration
Lou et al.” Left orright Single-pulse ON-line Self-reference Deterioration
Hartwigsen et al.”* Left 5 pulses ON-line  Speech comprehension Deterioration
Ishibashi et al.* IPL Left 1 Hz OFF-line  Semantic decision Deterioration
Uddin et al.®” Right 1 Hz OFF-line  Self-other discrimination Deterioration
Ritterband-Rosenbaum Right 10 Hz ON-line  Sense of agency Deterioration

et al.®
Kirschen et al.”? Left 3 pulses ON-line  Phonological memory  Improvement
Sack et al.®? IPS Right 1 Hz OFF-ine  Angle discrimination Deterioration
Sack et al.” Right 1 Hz ON-line  Angle discrimination Deterioration
Luber et al.” MPC Left 5Hz ON-line  Alphabet working Improvement
memory
Kiyonaga et al.*! PPC Left 1 Hz OFF-line Cued attention Deterioration
Kiyonaga et al.*! Right 1 Hz OFF-line Cued attention Deterioration
Babiloni et al.”” Left orright 20 Hz ON-line  Visuospatial attention Deterioration
Koch et al.*” Right 25 Hz ON-line  Spatial working memory Deterioration
Cooper et al.”? Right 3 pulses ON-line  Attentional blink Improvement
Cattaneo, Rota, et al.”” Left Single-pulse  ON-line Letter discrimination Improvement
Cattaneo et al.”? Left Single-pulse  ON-line  Letter discrimination Improvement
Pitcher et al.*” SC Right 10 Hz ON-line  Expression recognition  Deterioration
Pitcher et al.” Right Paired-pulse ON-line  Expression recognition  Deterioration
Cattaneo et al.*® SMG Left Single-pulse  ON-line  Action understanding  Improvement
Stoeckel et al.”? Left Single-pulse  ON-line  Word recognition Improvement
Ishibashi et al.® Temporal ATL Left 1 Hz OFF-line  Semantic decision Deterioration
Pobric et al.®® corfex Left 1 Hz OFF-line  Semantic decision Deterioration
Gallate et al.®” Left 1 Hz ON-line  False memory Improvement
Tadin et al.®” MT/V5 Left 1 Hz OFF-line spatial suppression Improvement
Kalla et al.* Right cTBS OFF-line  Visual search Improvement
Elison et al.” Left 5 pulses ON-line  Visual search Deterioration
Ellison et al.” Left 5 pulses ON-line  Visual search Improvement
Davey et al.® pMTG Left 1Hz OFF-line  Picture-word matching Deterioration
Stolk et al.”” STS Right 1 Hz OFF-ine  Communicative action Deterioration
Cattaneo et al.”” Left Single-pulse  ON-line  Action understanding  Improvement
Campanella et al.® TP Right 1 Hz OFF-line  Picture-word match Deterioration
Drager et al.” Wernicke's 1 Hz OFF-line  Picture-word match Deterioration
area
Mottaghy et al.” 20 Hz OFF-line  Picture naming Deterioration
Sparing et al.”” 20 Hz OFF-line  Picture naming Improvement
Pitcher et al.” Occipital OFA Right 10 Hz ON-line  Face recognition Deterioration
Pitcher et al.” corfex Right 10 Hz ON-line  Expression recognition  Deterioration
Pitcher et al.” Right Paired-pulse ON-line  Face recognition Deterioration
Pitcher et al.*” Right Paired-pulse ON-line  Expression recognition  Deterioration
Waterston and Pack® 2l 1 Hz OFF-line  Visual discrimination Improvement
Waterston and Pack® cTBS OFF-line  Visual discrimination Improvement
Saad et al.” V1/V2 5 pulses ON-line  Short term memory Deterioration
Vecchiet al.”” Single-pulse  ON-line  Working memory Deterioration
Vecchi et al.”” Single-pulse  ON-line  Working memory, Improvement
visual imagery
Heinisch et al.”” Junction TPJ Right 1 Hz OFF-ine  Face recognition Improvement
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Table 2. Studies with transcranial magnetic stimulation targeting parietal, temporal and occipital cortex (continued)

Reference Category  Region  Hemisphere  Protocol  Paradigm Task Effect
Young et al.”? Right 1 Hz OFF-ine  Moral judgement
Giardina et al.” Left or right 1 Hz OFF-line  Intention understanding
Young et al.”? Right 10 Hz ON-line  Moral judgement

ANG @ angular gyrus, IPL :
cortex, SC :

inferior parietal lobule, IPS :
somatosensory cortex, SMG

intfraparietal sulcus, MPC : medial parietal cortex, PPC : posterior parietal
supramarginal gyrus, ATL : anterior tfemporal lobe, pMTG : posterior middle temporal

gyrus, STS : superior temporal sulcus, TP : temporal pole, OFA : occipital face area, TPJ : temporo-parietal junction
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