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M1

TMS

M1 IHI

M1 SAI

IHI SAI TMS

M1
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AD; Alzheimer’s disease  

AMT; active motor threshold  

CCS; contralateral conditioning stimulus  

CS; conditioning stimulus  

CMCT; central motor conduction time  

FDI; first dorsal interosseous muscle  

ICF; intracortical facilitation  

IHF; interhemispheric facilitation  

IHI; interhemispheric inhibition (transcallosal inhibition)  

ISI; interstimulus interval  

LICI; long-interval intracortical inhibition  

LIHI; long-latency interhemisphric inhibition  

LTD; long-term depression  

LTP; long-term potentiation  

M1; primary motor cortex  

MCI; mild cognitive impairment  

MEP; motor evoked potential  

MNS; median nerve stimulation  

MSO; maximum stimulus output  

PAS; paired associative stimulation  

QPS; quadripulse TMS 4  

RMT; resting motor threshold  

rTMS; repetitive TMS  

SAI; short-latency afferent inhibition  

SICF; short-interval intracortical facilitation  

SICI; short-interval intracortical inhibition  

SIHI; short-latency interhemispheric inhibition  

ST; sensory threshold  

TBS; theta burst stimulation  

TMS; transcranial magnetic stimulation  

TS; test stimulation  
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1. 

1 [1]

III

asymmetric type

NMDA NMDA

1  

BodyParts3D, © 1998  licensed under CC  2.1
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[2]  

 

Alzheimer’s disease

AD  

 

primary motor cortex M1

[3] [4, 5]

transcranial magnetic 

stimulation TMS
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2.  

TMS

2 3 [6] 

TMS

 

Barker M1 TMS motor 

evoked potential MEP [7] TMS MEP

M1

2  

8  
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TMS

D-wave direct wave

I-wave indirect waves

1.5 ms [8]

TMS MEP M1

 

 

3  

1 TMS  

2  

3  

4
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TMS MEP

M1 conditioning-test paradigm

M1 TMS

test stimulus TS MEP M1 TMS

conditioning stimulus CS MEP

CS MEP TS MEP CS

4 TS

M1 CS M1 [9, 10, 11, 

12, 13] M1

M1 [14, 15, 16, 17] M1

short-latency afferent inhibition SAI [18] M1

 [19] M1

M1

6 7 ms interhemispheric inhibition

IHI [20] M1 4 5 ms

interhemispheric facilitation IHF

[21]
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M1 M1

 

4 Conditioning-test paradigm 

TS MEP MEP

MEP
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IHI M1 6 12 ms

6 [22] TMS

IHI IHI

[20]

[23] [24]

M1

[25] TMS IHI

TMS

IHI

[26, 27] [28, 29] [30]  
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6 IHI 

A. MEP M1 paired pulse stimulation

6 8 10 ms MEP  

B. 7 6 12 ms IHI  

 

5 IHI  

M1 M1 M1

M1  
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TMS conditioning-test paradigm

repetitive TMS rTMS

long-term potentiation LTP long-term 

depression LTD

rTMS

M1

4

quadripulse transcranial magnetic stimulation QPS

[31, 32]

rTMS
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3.  

TMS

 

1. TMS

 

2. 

 

3. 

 

3  

 

1

AD MRI [33] fMRI connectivity

coherence

mild cognitive impairment MCI
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functional MRI

[34] M1

[35]

MCI TMS IHI

SAI AD MCI

 

 

2

SAI

[36] TMS

[37]

IHI short-interval intracortical inhibition

SICI long-interval intracortical inhibition
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LICI IHI [38] SICI SAI [39]

LICI SAI [40]

[41]

IHI SAI

IHI SAI

M1

 

 

3 4

QPS

 

rTMS

IHI

[42]
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rTMS

[43]

rTMS IHI

M1
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1  

 

 

 

Tsutsumi R, et al. Reduced interhemispheric inhibition in mild cognitive impairment. 

Exp Brain Res 218: 21–26, 2012. [44] 
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MCI AD

[45, 46] voxel-based morphometry diffusion tensor imaging

MRI MCI AD

[33] AD

[47]

MCI AD

MCI

TMS  

TMS

AD [48, 49] SAI [18] AD

[36] M1 IHI

TMS TMS

CS 10 ms interstimulus interval ISI

TMS MEP [20]

CS M1 TS M1

[50]  
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MCI IHI

M1

SAI M1 SICI

intracortical facilitation ICF [10]  
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12 MCI 16

MCI

MCI

[45] MCI

7 5 72.3 9.3 SD

11 5 68.1 4.9 MCI

MMSE [51] 25.3 2.4 21 29

3.3 1.8 1 6 MRI

12 MCI 7

PIB-PET [52]

5 IMP-SPECT

National Institute on Aging and Alzheimer’s 

Association workshop recommendation [53]

MCI AD 12

MCI 5  
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first dorsal interosseous muscle FDI 9 mm

Ag/AgCl belly-tendon

100 3000 Hz Biotop; GE Marquette 

Medical Systems Japan 10 kHz

TMS bistim 

tester; Medical Try System  

 

TMS  

FDI TMS

TMS Magstim 200; Magstim Co. 8

0.5 s resting motor threshold



23 
 

RMT active motor threshold AMT central 

motor conduction time CMCT

RMT FDI 50 V MEP

10 5 maximum 

stimulus output MSO %MSO AMT FDI

5 10% 100 V MEP 10 5

CMCT [54]  

 

1 IHI 

TS M1 CS M1 TS ISI 4 6 8 10 12 ms

8 9 cm

FDI MEP

5 cm TS

45

CS

TS CS FDI

MEP 0.5 1 mV

ISI CS 8 5 8
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TS CS 16  

2 SAI 

AD SAI [36] IHI

2 SAI

TS M1 TMS CS

0.2 ms

TS 20 ms CS

CS 10 TS CS 20

 

3 SICI ICF 

M1 MCI 12

9 16 13 SICI ICF CS TS

M1 bistim module Magstim Co.

CS AMT 90% SICI CS

TS ISI 2 3 4 ms ICF CS TS ISI 8 10 15 

ms ISI CS 9 6 9

TS CS 18  
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RMT AMT CMCT TS MEP

MCI t MCI

MMSE

t 3 CS MEP

CS TS MEP ISI

MCI MEP ISI

 

1 3 MCI CS MEP

2 MCI

ISI MEP

Greenhouse-Geisser  

2 MCI SAI t

MEP  

IHI MMSE SAI

IHI ISI 10 ms MEP  

PASW Statistics 18.0.0 IBM Corporation

p  < 0.05  
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RMT AMT CMCT TS MEP

2 1 MCI

MMSE

2  

 

1 2  

  MCI 12  16  p 

 72.3 (9.3) 68.1 (4.9) 0.13 

cm  157.9 (6.4) 156.5 (7.6) 0.69 

RMT %MSO  46.3 (12.5) 46.9 (7.7) 0.88 

AMT %MSO  32.0 (7.9) 33.6 (6.6) 0.56 

CMCT ms  6.7 (1.3) 6.8 (0.49) 0.89 

MEP  1 TS 0.87 (0.61) 0.75 (0.35) 0.52 

mV  1 CS 0.53 (0.27) 0.63 (0.38) 0.45 

 2 TS 0.87 (0.41) 0.77 (0.36) 0.49 

 3 TS 0.68 (0.35) 0.55 (0.39) 0.43 

MCI SD RMT

AMT CMCT TS CS  

 

2 MCI  

  

5  

 

7  
p 

 76.2 (3.7) 69.4 (11.3) 0.18 

MMSE  25.0 (2.2) 25.4 (2.6) 0.78 

 4.2 (1.5) 2.6 (1.7) 0.12 

SD  



27 
 

1 IHI 

MCI IHI [F 

(1,26) = 14.3, p = 0.001] ISI [F (4,104) = 3.8, p = 0.02]

ISI [F (4,104) = 1.4, p = 0.24]

7 MCI [

F (1,10) = 0.005, p = 0.95; ISI F (4,40) = 0.5, p = 0.63; ISI F (4,40) = 1.1, p = 

0.35]  

 

 

 

7 IHI  

MCI IHI
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2 SAI 

SAI MCI (0.85 0.43) (0.50 0.25; P = 0.01)

8 MCI (0.90 0.32)

(0.82 0.52; p = 0.78)  

 

 

 

 

 

 

8 SAI  

ISI 20 ms MEP MCI
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3 SICI ICF 

MCI SICI [ F (1,20) = 3.3, p = 0.08; ISI F (2,40) = 2.6, p 

= 0.09; ISI F (2,40) = 0.3, p = 0.72] ICF [ F (1,20) = 0.2, p = 0.70; ISI F 

(2,40) = 2.4, p = 0.11; ISI F (2,40) = 0.8, p = 0.44]

9  

 

 

 

9 SICI ICF  

MCI
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MCI IHI MMSE (R2 = 

0.002, p = 0.91, 10A) IHI SAI MCI (R2 = 0.15, p = 0.22)

(R2 = 0.09, p = 0.26) (R2 = 0.02, p = 0.48)

10B  

10  

A. MCI IHI MMSE  

B. IHI SAI MCI
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MCI IHI

M1 SAI MCI

M1 SICI ICF MCI

 

 

MCI IHI  

IHI MCI

M1

 

MCI IHI M1

MRI MCI AD

[33, 55, 56] fMRI

MCI

[57] MCI
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M1

2 CS TMS SICI

IHI

[58] SICI

SICI

SICI

IHI

 

SAI IHI

2

IHI SAI

AD SAI SAI

[36, 59, 60, 61]

IHI
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IHI SAI  

IHI MMSE

MMSE MCI

AD

IHI  

 

TMS  

MCI SICI ICF

AD [62] AD MCI [63] SICI

ICF

SICI ICF AD

[63] SICI ICF

SICI MCI MCI SICI

MCI AD

SICI ICF

 

SAI AD MCI SAI

[64] MCI
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MCI

PIB-PET AD

AD MCI

SAI  

 

2

2

 

 

 

MCI
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SAI IHI AD

MCI

MCI SAI M1

M1
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2  

 

 

 

 

Tsutsumi R, et al. Conditioning intensity dependent interaction between short-latency 

interhemispheric inhibition and short-latency afferent inhibition. J Neurophysiol 108: 

1130–1137, 2012. [65] 
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M1

M1 M1

 

M1 M1

IHI [66]

[67] M1

 

TMS IHI [20] ISI 10 ms IHI

short-latency interhemispheric inhibition SIHI ISI 40 50 ms

IHI logn-latency interhemispheric inhibition LIHI

IHI

[68, 69, 70] SIHI SIHI

SAI SAI

ISI 20 ms M1 [18] IHI
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SAI  

SICI SIHI

SIHI LICI [38] SICI SAI

[39] LICI SAI [40]  

SIHI SAI

SIHI

SAI

IHI

CS [70] SAI CS [71] SAI

TS CS [72] SIHI

SAI CS
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11

2 9 37.5 7.8 SD 29 49

TMS

 

 

 

FDI 9 mm Ag/AgCl belly-tendon

MEP 100 3000 Hz

Biotop; GE Marquette Medical Systems Japan 10 kHz

TMS bistim tester; Medical Try System  

TMS 

FDI TMS

TMS Magstim 200; Magstim Co.
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6 0.5 s RMT AMT RMT

RMT FDI 50 V MEP

10 5 AMT FDI

5 10% 100 V MEP 10 5

 

 

 

SIHI 1 SAI 2 TS CS

CS SIHI SAI

3 CS CS

11  

 

1 SIHI 

11 TS M1 CS

contralateral conditioning stimulus CCS M1 TS

10 ms 8 9 cm

FDI MEP

5 cm TS
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45

CS

TS FDI

MEP 0.6 mV TS0.6mV 0.3 

11  

TS M1 TMS MEP

 

CS CCS M1 RMT

MNS ST
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mV TS0.3mV CS M1 RMT

1 CCS1 1.2 CCS1.2 1.4 CCS1.4 1.6 CCS1.6 4

 

 

2 SAI 

11 7 2 1 6 37.3

7.3 SD 29 46 TS M1 TMS

CS median nerve stimulation MNS

MNS 0.2 ms TS

CS TS ISI 2 ms SAI

ISI ISI 18 22 ms

19.8 ms 1.1 SD MNS sensory 

threshold ST TS 1 TS0.6mV

TS0.3mV CS ST 1.5

MNS1.5 3 MNS3 4.5 MNS4.5 3  
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3 SIHI SAI  

11 TS CS 1 2

TS TS0.6mV CS

6 CCS MNS

CCS1+MNS1.5 CCS1.2+MNS1.5 CCS1.4+MNS1.5  

CCS1+MNS3 CCS1.2+MNS3 CCS1.4+MNS3 11

8 configuration

3 Configuration 3A-3D TS0.6mV SIHI SAI

Configuration 3E-3H MEP TS

Configuration 3E 3F TS

configuration 3C MNS MEP

0.6mVMNS Configuration 3G 3H TS configuration 3B

CCS MEP 0.6mVCCS

Configuration 3A-3D 3E 3F 3G 3H TS
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CS 15 TS CS 15

CS MEP CS TS MEP

MEP  

TS MEP

1

 

 

 

3 3  

Configuration TS M1  CCS M1  MNS  

3A 0.6 mV   

3B 0.6 mV 1/1.2/1.4 RMT  

3C 0.6 mV  1.5/3 ST 

3D 0.6 mV 1/1.2/1.4 RMT 1.5/3 ST 

3E 0.6 mVMNS   

3F 0.6 mVMNS 1/1.2/1.4 RMT  

3G 0.6 mVCCS   

3H 0.6 mVCCS  1.5/3 ST 

Configuration 3A-3D TS0.6mV SIHI SAI  

3E/3F 3C MEP TS TS0.6mVMNS 3G/3H

3B MEP TS TS0.6mVCCS  
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1 2 

TS CS 2

CS post hoc

Greenhouse- 

Geisser  

 

3  

SAI SIHI SIHI without SAI SIHI 

with SAI SIHI without SAI SIHI

configuration 3F (CCS) / configuration 3E (TS0.6mVMNS) MEP

SIHI with SAI 2 CS CCS MNS configuration 3D 

(CCS+MNS) / configuration 3C (MNS) MEP SAI

SIHI SIHI

TS configuration 3E MEP

MEP

configuration 3C 3E paired t

2 6 MNS

without SAI with SAI
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SAI

post hoc  

SIHI SAI SAI without SIHI

SAI with SIHI SAI without SIHI SAI

configuration 3H (MNS) / configuration 3G (TS0.6mVCCS) MEP

SAI with SIHI 2 CS configuration 3D (CCS+MNS) / 

configuration 3B (CCS) MEP SIHI SAI

SAI

MEP configuration 3B 3G paired t

2 6

CCS without SIHI with SIHI

SIHI

post hoc  

 

 

SIHI SAI

MEP SAI SIHI

ΔSIHI = (3D/3C) – (3F/3E) SIHI SAI



47 
 

ΔSAI = (3D/3B) – (3H/3G) ΔSIHI ΔSAI

SIHI 3F/3E SAI 3H/3G  

PASW Statistics 18.0.0 IBM p  < 0.05
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M1 RMT 48.3 8.8% SD MSO M1 AMT 32.6 6.6% 

MSO M1 RMT 55.4 10.1% MSO  

TS MEP

p > 0.56 4 3 TS MEP SIHI without 

SAI 3E TS0.6mVMNS SIHI with SAI 3C TS0.6mV+MNS p > 

0.60 4 SAI without SIHI 3G TS0.6mVCCS SAI with SIHI 3B

TS0.6mV+CCS p > 0.67 4

1 3 FDI MEP

CCS p < 0.01  
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4 MEP mV  
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1 SIHI TS CS  

SIHI TS CS 12 CS

SIHI [F (3,30) = 26.3, p < 0.001, partial η2 = 

0.73] TS [F (1,10) = 3.9, p = 

0.08, partial η2 = 0.28] TS CS

[F (3,30) = 0.09, p = 0.96, partial η2 = 0.01] Post hoc CCS1 CCS1.2

p = 0.006 CCS1.2 CCS1.4 p = 0.02 CCS1.4

CCS1.6 p = 1.00 TS TS0.6mV

67.9 4.4% MSO 140.9% RMT TS0.3mV 61.8 4.6% 

MSO 127.2% RMT  

12  SIHI TS CS CS SIHI

TS  

*p < 0.05, **p < 0.01 
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2 SAI TS CS  

SAI TS CS 13 CS

SAI [F (2,12) = 28.9, p < 0.001, partial η2 = 

0.83] TS [F (1,6) = 0.03, p = 0.86, partial η2 = 0.01] TS CS

[F (2,12) = 0.11, p = 0.76, partial η2 = 0.02]

TS CS

Greenhouse-Geisser Post hoc MNS1.5 MNS3

p = 0.003 MNS3 MNS4.5

p = 0.85 TS TS0.6mV 67.3 4.7% MSO 139.2% RMT

TS0.3mV 63.3 4.4% MSO 130.7% RMT  

13  SAI TS CS CS SAI

TS  

**p < 0.01 



52 
 

3 

SAI SIHI  

CCS1.4+MNS3 14  

14 3 1 FDI MEP

CS1.4+MNS3 SAI SIHI  

A. TS 0.6 mV MEP configuration 3A B. TS0.6mV MNS 3C  

C. TS0.6mV CCS MNS 3D D. B MEP TS 3E

E. D TS0.6mVMNS CCS 3F  

SIHI with SAI (C/B) SIHI without SAI (E/D)  

B D MEP TS  
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SIHI with SAI 14 C/B configuration 3D/3C SIHI without SAI

SIHI 14 E/D configuration 3F/3E 14 B D

MEP 15

 

SIHI [F (5,50) = 10.5, p 

< 0.001, partial η2 = 0.51] SAI [F (1,10) = 4.7, p = 0.055, 

partial η2 = 0.32] SAI

[F (5,50) = 2.9, p = 0.023, partial η2 = 0.23] Post hoc SAI SIHI

2 CCS1.2+MNS3 CCS1.4+MNS3

5  

 

SIHI SAI  

16 SAI

[F (5,50) = 5.9, p = 0.01, partial η2 = 0.37] SIHI

[F (1,10) = 4.4, p = 0.063, partial η2 = 0.31]

SAI [F (5,50) = 1.1, p = 0.39, partial 

η2 = 0.10] Post hoc SIHI SAI 2

CCS1.2+MNS3 CCS1.4+MNS3 5  
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15 SAI SIHI SIHI SAI

Post hoc CCS1.2+MNS3 CCS1.4+MNS3 2

 

*p < 0.05 



55 
 

 

 
  

16  SIHI SAI SAI SIHI

Post hoc CCS1.2+MNS3 CCS1.4+MNS3 2

 

*p < 0.05 
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SAI SIHI

[F (2,63) = 28.4, p < 0.001] SIHI -0.68 p < 0.001 SAI

-0.04 p = 0.71 0.69 0.46 SIHI

SAI [F 

(2,63) = 12.9, p < 0.001] SIHI -0.28 p = 0.01 SAI -0.42

p < 0.001 0.54 0.29

17  

 

5 3  

 MEP  F (1,10) p partial η2 

SAI SIHI  

CCS1 + MNS1.5 0.04 (0.08) 0.23 0.64 0.02 

CCS1.2 + MNS1.5 0.08 (0.07) 1.66 0.23 0.14 

CCS1.4 + MNS1.5 0.09 (0.07) 1.57 0.24 0.14 

CCS1 + MNS3 0.03 (0.13) 0.04 0.84 0.004 

CCS1.2 + MNS3 0.37 (0.15) 6.01 0.034* 0.38 

CCS1.4 + MNS3 0.29 (0.10) 8.01 0.018* 0.45 

SIHI SAI  

CCS1 + MNS1.5 0.02 (0.09) 0.06 0.82 0.01 

CCS1.2 + MNS1.5 0.07 (0.08) 0.98 0.35 0.09 

CCS1.4 + MNS1.5 0.10 (0.13) 0.59 0.46 0.06 

CCS1 + MNS3 0.08 (0.06) 1.68 0.22 0.14 

CCS1.2 + MNS3 0.19 (0.08) 6.03 0.034* 0.38 

CCS1.4 + MNS3 0.25 (0.11) 4.96 0.050* 0.33 

MEP mV *p < 0.05 
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17 SIHI SAI  

SIHI SAI

SIHI SAI

 

SIHI SAI MEP MEP

ΔSIHI SIHI without SAI SIHI with SAI

ΔSAI SAI without SIHI SAI with SIHI  
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SIHI SAI

CS  

 

SIHI SAI  

1 SIHI CS

CS CS 1.4 RMT

CS SICI

[70] TS MEP

TS

[20, 38, 68] 2 CS SAI

CS 3 ST

[71, 72] TS SAI

 

 

SIHI SAI  

SIHI SAI CCS1.2+MNS3 CCS1.4+MNS3
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SAI SIHI

2 CS

 

SIHI SAI

CS

SIHI SAI

SAI LICI [40]

SAI SICI [39] LIHI LICI [73]

SIHI SAI CS

SIHI SAI SIHI

SIHI SAI SIHI SAI

SAI SAI SIHI

SAI SIHI

SIHI SAI SIHI
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2

CS

CS

CCS1.2+MNS3

CCS1.4+MNS3 2

SIHI

SAI

 

2 SIHI SAI

M1

SIHI SAI SICI LICI 2

SIHI SICI SICI SAI SAI SIHI

SAI LICI LICI SIHI SIHI
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SAI [38, 39, 40]

 

 

LIHI LIHI SIHI

SIHI LIHI

M1 [68]

SIHI LIHI SAI

LIHI SAI

 

IHI

[74, 75]

[76, 77, 78]
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SIHI SAI CS

SIHI SAI

IHI SAI
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3  

 

4 QPS  

 

 

Tsutsumi R, et al. Effects of the motor cortical quadripulse transcranial magnetic 

stimulation (QPS) on the contralateral motor cortex and interhemispheric interactions. J 

Neurophysiol 111: 26–35, 2014. [79] 

 



64 
 

 

M1 [80, 81] [82, 83]

TMS

M1 IHI IHF

TMS [20, 21, 76, 84, 23, 85, 86]

IHI [87, 88]

 

rTMS

[89, 90] rTMS M1

M1 TMS MEP

rTMS

M1 M1

M1

1 Hz rTMS M1

MEP

[91, 92, 93, 94, 95, 

96] 5 Hz M1 rTMS
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MEP 0.5 Hz M1 rTMS

[97] Theta burst stimulation TBS [98, 99]

rTMS M1

TBS M1 MEP [100, 101]

[102] M1 TBS

M1 MEP [101, 103] paired 

associative stimulation PAS [104, 105] M1

rTMS M1 MEP

[106] rTMS M1

MEP IHI

IHI 1 Hz rTMS

2 MEP [92, 

95] TBS IHI [101] PAS IHI

[106]  

rTMS QPS [31, 32] QPS

M1

M1 MEP QPS

M1
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[107] rTMS

rTMS PAS TBS M1 MEP

M1

M1

SICI LICI IHI [58]

QPS short-interval intracortical facilitation SICF

MEP SICI LICI QPS

M1

TBS

[107]

PAS TBS BDNF

[108] QPS BDNF [109]

QPS QPS M1

QPS  

M1

M1

M1
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M1 QPS M1

QPS  

 



68 
 

 

 

12

2 10 38.4 7.1 SD 30 49

TMS

[110] [111]

12 10 2 2

6

 

 

 

FDI 9 mm Ag/AgCl belly-tendon

MEP 100 3000 Hz

Biotop; GE Marquette Medical Systems Japan 10 kHz

TMS Bistim Tester; Medical Try System  

FDI MEP
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5

FDI

 

 

TMS 

TMS 8 9 cm; Magstim Co.

TMS Magstim 200; Magstim Co.

FDI MEP FDI

8

45 1 cm

 

FDI RMT AMT RMT

FDI 50 V MEP 10 5

[112] AMT FDI 5 10%

100 V MEP 10 5

1%  
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QPS 4 Magstim 2002; 

Magstim Co. TMS 18 4

4

QPS 4 TMS ISI 5 ms QPS-5

ISI 50 ms QPS-50 4

5 s 0.2 Hz 30 19A

360 1440 ISI 5 ms 50 ms 2

QPS-5 M1 LTP

QPS-50 M1 LTD

[32]  

 

QPS M1 8 FDI MEP

18 QPS  

4  
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45

QPS FDI AMT 90%

[31] FDI QPS  

 

19 QPS A B  

A. 4 TMS 5 s 30

ISI 5 ms QPS-5 50 ms QPS-50  

B. QPS-5 QPS-50 M1 30 pre

QPS 30 post  
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QPS M1 M1 QPS pre

30 QPS 30 post

19B 10 15

5

1

 

 

1 MEP AMT RMT QPS  

1 MEP FDI 12

MEP M1 M1 FDI TMS

QPS pre MEP 0.5 mV

QPS post 6

0.5 s 20 TMS RMT

AMT  

 

2 M1 MEP QPS  

FDI MEP 12

8 FDI TMS 6
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0.5 s 100%, 110%, 120%, 130%, 140%, 150%, 160% RMT

TMS 10  

 

3 M1 SICI LICI ICF SICF QPS  

M1 TMS SICI

ICF [10] LICI [9, 113] SICF [11, 13] 12 9 TMS

QPS M1 MEP M1  

SICI ISI 3 ms CS 70%, 80%, 90% AMT ICF

ISI 10 ms 15 ms CS 90% AMT LICI ISI 100 

ms CS 110% RMT TS

FDI 0.5 mV MEP  

SICF ISI 1.3, 1.5, 1.7 ms [11, 13, 114] 1

TS FDI 0.5 mV MEP

2 CS 90% AMT  

AMT QPS CS

TS 0.5 mV MEP

 

4 IHI QPS  
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12

[20, 115] TS M1 CS M1 TS 10

40 ms 2 8 FDI

45

TS CS QPS 0.5 mV MEP

 

 

5 IHF QPS  

12 8

IHF [21]

I3 I3 FDI

TS M1 CS M1 TS 4 ms

2 8 FDI

M1 TS

M1

CS

CS FDI 120% AMT TS
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FDI 10% 0.3 mV MEP

 

 

 

1 

MEP 2

QPS QPS-5 QPS-50 TIME pre post

%MSO QPS QPS-5 QPS-50 CONTRACTION

RMT AMT TIME pre post 3

 

2 

QPS QPS-5 QPS-50 TIME pre post INTENSITY 7 100 160% 

RMT 3  

3 5 

CS 10 TS CS 10

CS MEP CS TS MEP

 



76 
 

SICI QPS QPS-5 QPS-50 INTENSITY 70% 80% 90% AMT TIME

pre post ICF QPS QPS-5 QPS-50 ISI 10 ms 15 ms TIME

pre post SICF QPS QPS-5 QPS-50 ISI 1.3 ms 1.5 ms 1.7 

ms TIME pre post IHI QPS QPS-5 QPS-50 ISI

10 ms 40 ms TIME pre post 3

LICI IHF QPS QPS-5 QPS-50

TIME pre post 2

MEP

QPS-5 QPS-50

MEP paired t  

 

 

MEP

QPS-5 ΔMEPLtFDI FDI QPS

MEP QPS MEP ΔMEPRtFDI FDI

QPS MEP QPS MEP ΔIHI M1 10 ms

IHI QPS MEP QPS MEP ΔIHF M1 IHF

QPS MEP QPS MEP 3
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QPS-50 MEP

 

Greenhouse-Geisser

PASW Statistics 18.0.0 IBM p  < 0.05
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1 MEP AMT RMT QPS  

M1 QPS TMS M1 MEP FDI

QPS-5 QPS-50 20A QPS [F (1,11) = 4.7, 

p = 0.053] TIME [F (1,11) = 0.7, p = 0.43]

QPS TIME [F (1,11) = 21.6, p < 0.001]

QPS-5 TIME [F (1,11) = 8.4, p = 0.015] QPS-50 TIME

[F (1,11) = 11.7, p = 0.006]  

 

20 MEP  

A. M1 TMS MEP FDI QPS-5

QPS-50  

B. M1 TMS MEP FDI QPS-5

MEP mV *p < 0.05 
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M1 QPS TMS M1 MEP FDI

QPS-5 QPS-50 20B QPS

[F (1,11) = 0.3, p = 0.62] TIME [F (1,11) = 1.9, p = 0.19] QPS

TIME [F (1,11) = 1.0, p = 0.34]

QPS-5 TIME [F (1,11) = 8.9, p = 0.012]

QPS-50 TIME [F (1,11) = 0.04, p = 0.84]  

RMT AMT QPS-5 QPS-50

6 M1 CONTRACTION [F (1,11) = 63.6, p < 0.001]

QPS [F (1,11) = 0.001, p = 0.97] TIME [F (1,11) = 0.001, 

p = 0.97] QPS CONTRACTION TIME [F (1,11) = 1.04, p = 0.33]

TIME

M1 CONTRACTION [F (1,11) = 102.5, 

p < 0.001] QPS [F (1,11) = 1.54, p = 0.24] TIME

[F (1,11) = 3.3, p = 0.094] QPS CONTRACTION TIME [F (1,11) 

= 0.70, p = 0.42]

TIME  
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2 M1 MEP QPS  

QPS-5 MEP

21A QPS-50 21B  

INTENSITY [F (1,42) = 24.7, p < 0.001] TIME

[F (1,7) = 5.5, p = 0.052] QPS [F (1,7) = 1.0, p = 0.35]

QPS TIME INTENSITY [F (6,42) = 1.2, p = 0.32]

QPS-5 TIME

130% RMT [F (1,7) = 9.5, p = 0.018] 150% RMT [F (1,7) = 7.6, p = 0.028]

160% RMT [F (1,7) = 6.3, p = 0.040] 120% RMT [F (1,7) = 4.5, p = 

0.071] 140% RMT [F (1,7) = 4.3, p = 0.077] QPS-50

TIME  

 

 

6 QPS %MSO  

  QPS-5  QPS-5  QPS-50  QPS-50  

M1 RMT 47.2 (2.8) 46.1 (3.0) 46.7 (2.9) 47.5 (3.1) 

 AMT 29.2 (1.6) 28.8 (1.8) 28.3 (1.9) 28.8 (1.9) 

M1 RMT 49.9 (3.3) 51.8 (3.3) 48.9 (2.7) 49.8 (3.5) 

 AMT 33.2 (1.8) 33.7 (1.7) 30.9 (1.5) 32.0 (2.1) 

RMT AMT  
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21 MEP  

A. M1 TMS MEP FDI QPS-5

 

B. QPS-50 RMT %

MEP mV *p < 0.05 †p < 0.1 
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3 M1 SICI LICI ICF SICF QPS  

TS MEP TIME 7  

QPS-5 QPS-50 SICI LICI ICF SICF

22  

SICI INTENSITY [F (2,16) = 10.7, p = 0.001] 70% 90% 

AMT p = 0.018 80% 90% AMT p = 0.012 QPS

[F (1,8) = 0.008, p = 0.93] TIME [F (1,8) = 0.02, p = 0.89] QPS

INTENSITY TIME [F (2,16) = 0.04, p = 0.96]  

TIME  

LICI QPS [F (1,8) = 0.007, p = 0.93] TIME [F (1,8) = 

0.004, p = 0.95] QPS TIME [F (1,8) = 0.001, p = 0.97]

TIME

 

 

7 MEP mV  

 QPS-5  QPS-5  p QPS-50  QPS-50  p 

SICI/ICF/LICI 0.46 (0.07) 0.46 (0.11) 0.97 0.49 (0.07) 0.48 (0.08) 0.83 

SICF 0.45 (0.10) 0.45 (0.09) 0.99 0.51 (0.08) 0.48 (0.08) 0.81 

IHI  0.57 (0.06) 0.70 (0.10) 0.34 0.63 (0.10) 0.68 (0.22) 0.56 

IHI  0.50 (0.06) 0.54 (0.06) 0.60 0.51 (0.03) 0.49 (0.07) 0.72 

IHF 0.34 (0.03) 0.33 (0.01) 0.69 0.36 (0.08) 0.33 (0.05) 0.64 
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22  

A. M1 SICI 70 80 90% AMT  

B. M1 LICI  

C. M1 ICF ISI 10 ms 15 ms  

D. M1 SICF ISI 1.3 ms 1.5 ms 1.7 ms  
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ICF QPS [F (1,8) = 0.06, p = 0.82] ISI [F (1,8) = 1.8, p = 

0.21] TIME [F (1,8) = 0.06, p = 0.82] QPS ISI TIME [F 

(1,8) = 0.62, p = 0.45]

TIME  

SICF QPS [F (1,8) = 0.05, p = 0.83] ISI [F (2,16) = 0.39, 

p = 0.68] TIME [F (1,8) = 0.07, p = 0.80] QPS ISI TIME

[F (2,16) = 2.5, p = 0.11]

TIME  

 

4 IHI QPS  

M1 QPS M1 IHI ISI 10 ms QPS-5

QPS-50 M1 IHI 23  

M1 IHI FDI QPS [F (1,11) = 1.6, p = 0.23]

ISI [F (1,11) = 0.02, p = 0.89] TIME [F (1,11) = 2.8, p = 0.13]

QPS ISI TIME [F (1,11) = 4.0, p = 0.07]

QPS-5 ISI 10 ms TIME

[F (1,11) = 11.7, p = 0.006]  

M1 IHI FDI QPS [F (1,11) = 0.07, p = 0.79]
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ISI [F (1,11) = 1.38, p = 0.26] TIME [F (1,11) = 0.03, p = 0.87]

QPS ISI TIME [F (1,11) = 0.03, p = 0.86]

TIME  

 

 

 

 

 

  

23 IHI  

A. M1 ISI 10 ms IHI QPS-5 QPS-50

 

B. M1 IHI *p < 0.05
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5 IHF QPS  

M1 QPS M1 IHF QPS-5 QPS-50

24 QPS [F (1,7) = 0.63, p = 0.45] TIME

[F (1,7) = 1.5, p = 0.26] QPS TIME [F (1,7) = 1.1, p = 0.33]

QPS-5 IHF

[F (1,7) = 7.7, p = 0.027] QPS-50 [F (1,7) < 

0.001, p = 0.99]  

 

 

 

24 IHF  

M1 IHF QPS-5 QPS-50  

*p < 0.05 
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[F (3,8) = 5.79, p = 0.044]

ΔMEPRtFDI -0.27 t = -0.87, p = 0.43 ΔIHI -0.36 t = -1.47, p = 

0.20 ΔIHF 0.89 t = 3.15, p = 0.025 ΔMEPLtFDI

ΔIHF 0.88 0.78 ΔMEPLtFDI

ΔIHF 25  

 

25 MEP IHF  

QPS-5 M1 IHF M1 TMS MEP

FDI  

MEP mV IHF MEP  
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M1 QPS M1

M1 QPS-5

M1 LTP M1 LTP

M1 QPS-50 M1 LTD

M1

M1 RMT AMT SICI LICI ICF SICF

QPS-5 QPS-50 M1 IHI

IHF M1 QPS-5 FDI

MEP IHF M1 rTMS

IHI IHF MEP

IHF MEP

2

 

 

rTMS M1  

rTMS M1 LTP

M1 5 Hz rTMS PAS M1 MEP
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[97, 106] M1

M1 LTP iTBS

M1 [101, 103] rTMS M1 LTD

M1 1 Hz rTMS

M1 [91, 92, 93, 94, 95, 96]

M1 LTD cTBS M1 [98, 101]

[102] rTMS

QPS rTMS

rTMS M1

[90] QPS-5 M1

 

 

M1  

M1 IHI IHF

M1 LTP

IHI [92, 95, 

101, 106] TBS IHI [101] 1 Hz rTMS PAS 25 ms MEP

IHI [92, 106]
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IHI M1 QPS-5

M1 MEP M1 IHI

QPS-5 M1 LTP

QPS IHF

M1 IHF QPS-5  

QPS-5 M1 LTP

IHF M1 LTP IHI

3

M1 LTP

26

M1

MEP

TMS

LTP M1
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3

3

QPS-5 rTMS

QPS-50

M1 MEP  

IHI ISI 10 ms 40 ms

SIHI ISI 10 ms LIHI IHI 40 ms

Gilio [92] SIHI LIHI

[68]

SIHI LIHI GABAA GABAB

26 M1 QPS M1

M1 QPS M1 LTP

M1 LTP M1

*
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[116] SIHI LIHI

 

 

LTP LTD  

M1 M1 LTP QPS-5

M1 LTD QPS-50

QPS-50 M1 LTD

QPS-50 QPS-5 M1

QPS-5 QPS-50

2 [117, 

118, 119] rTMS

1 Hz rTMS

[91, 92, 93, 

94, 95, 96] rTMS M1
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IHI [43]

rTMS

1 Hz IHI [120, 121, 122]

1 Hz [123]

IHI [42]

rTMS IHI [122, 124]

rTMS IHI IHF

rTMS

 

QPS 30

M1 [32]

IHF TBS PAS

IHF I3

[21] QPS

[125]
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[126]

[74, 75, 76, 77, 78]

[77, 127]

IHI IHF

QPS

 

M1 QPS-5 M1 MEP

M1 SIHI IHF IHF M1 MEP

LTP
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1 MCI TMS IHI

IHI SAI

 

 

2 IHI SAI

SAI SICI SAI LICI
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IHI

SAI 2 M1

 

 

3

M1

IHF IHI

M1

IHI

IHF

IHF



97 
 

 

TMS

IHI

IHF
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