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额叶区域的经颅直流电刺激对抑制控制的影响* 

周  晶  宣  宾 

( ,  241000) 

摘  要  抑制控制是执行功能的重要组成部分之一, 研究表明抑制控制与额叶区域的活动有关。经颅直流电

刺激(Transcranial Direct Current Stimulation, tDCS)是一种非侵入性的脑刺激技术, 可以调节脑区的激活程度。

研究表明 tDCS 刺激额叶的部分区域可以有效干预参与者的抑制控制水平, 而这一干预作用会受到刺激位置、

刺激类型以及实验任务等条件变化的影响。目前 tDCS 已应用于不同人群的抑制控制研究, 并能与其他研究技

术较好的结合。 

关键词  抑制控制; 反应抑制; tDCS; 额下回; 背外侧前额叶; 前辅助运动区 
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1  引言 

Ѩ Җ ♅ З ͽ, 

Ѩ ѡ Рאַ ; ᾇ●

ᴦ ᾐӋ ɟ З Ά ᾍ ᾍ Ὑ

Ặɟ ᾍ ᾍ Υӏ ε , Ặ

מ ɞҔ†ּא ΅ ε ᾍ , 

ͫ Ἒ ɞ ε  

ᾍ (Aron, Robbins, & Poldrack, 2004; Logan, 

Schachar, & Tannock, 1997)ɟ ж Ψ

ε ὗφͫ, , ᾍ ᾍ

ᾍͫ ѡ Ѩ Ặ ɟ 

ᾍ ᾍΆ ;

(inferior frontal gyrus, IFG)┘ Ặɟͫ ε, 

אּ ᾍ ᾍ ῾ ֒ Њ ֜ IFG

῾ (Aron, Fletcher, Bullmore, Sahakian, & 

Robbins, 2003; Zhu, Zacks, & Slade, 2010)ɟ Њ

Ҡ ж ϛẅὗ Ђ IFG ᾍ ᾍ

Ә ɟRoberts Wallis (2000) Ҡ

ж Ψּה ֜ IFG Ҡ Ђ ᾍ ᾍ

Ὼ כּ ; Aron (2003) ͫ Ψ Ђ

֜ IFG Ҡ жΆᵲ Άל ᾍ ᾍѷ 

ε , ϛ ᾇЂ ɟ 
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ӂ IFG ᾍ ᾍ Ә ẹђ ┘

╟ Άɟל ḏ(Tractography) הּ

pre-SMA Ά IFG , ͫЗ

ϛּה Ђ ᾍ ᾍѷ Ψ IFG Άᾤ    ┘

(pre-supplementary motor area, pre-SMA) Ẵ

 (Aron, Behrens, Smith, Frank, & Poldrack, 2007; 

Li et al., 2008)ɟFloden Stuss (2006) הּ

Ψͽ┘ ẹ pre-SMA ҠҖ אּ ᾍ

Ὼ כּ ɟ ͫפֿ הּ  ᾑ

ᾑ Ặ, pre-SMA Ҡ Ὁ 

אּ , pre-SMA ᾍЂ ᾑ  

אּ (Sumner et al., 2007)ɟ 

֜ᾤ (dorsolateral prefrontal cortex, 

dlPFC)ϛ ᾍ ᾍ ɟ Ѩ

ε dlPFC ῾ Њ אּ ᾍ

΅ אּ , ΎΆ ɞ ┘

(◑ỵ  )╟ ᾍỵ  ε(Bechara, 2005; 

Wood & Grafman, 2003)ɟ ͫЗ Ҡ , 

dlPFC כּ ᾍ ᾍѷ  , ε

ӊЊ ж, ϛ Ђ dlPFCΆ ᾍ ᾍ Ặ

(Floden & Stuss, 2006; Shimamura, Jurica, Mangels, 

Gershberg, & Knight, 1995)ɟ ϛ

Ђ dlPFC אּ ᾍ ᾍ Ә

(Friese, Binder, Luechinger, Boesiger, & Rasch, 

2013; Knoch, Pascual-Leone, Meyer, Treyer, & Fehr, 

2006)ɟ 
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1  - ( Aron, 2007) 
 

ḏ ῾ ᾍ ᾍΆ Υ

┘ Ẵ Ә Ặ, ₿ Ђ pre-SMAɞrIFGɞ

dlPFCɞΒ (STN) ┘ , ὉͫΥ

ᾍ ᾍ ῾ , ◑ -

(Aron & Poldrack, 2006; Li, Huang, Constable, & 

Sinha, 2006; Li et al., 2008)ɟ -

(fronto-basal ganglia model) ͫΥ כּ

ᾍ ᾍ , ͫ , ᾍ ᾍ

₿ (Go Process) ᵩ (Stopping 

Process)ɟ ᾤ   (premotor cortex)

У , ӏ(Str) ᾍ (GPi), 

Β ᾍ   ; ᵩ IFG

У , STN ,  

, ᾍΒ Ὁ, ъ Ἒ  

( 1, Aron,2007; Aron, Durston, et al., 

2007)ɟIFGɞpre-SMAɞdlPFC ┘ ᾍ ᾍ 
 

Ψ Ђ ῾ (Aron & Poldrack, 

2006; Chikazoe et al., 2009; Zandbelt, Bloemendaal, 

Hoogendam, & Vink, 2013)ɟ Њ З ┘ ᾍ

ᾍΨ ῾ , ᾑ Ψ, З┘

Әεךּ ᾍ ᾍ ᾑ (   

2)ɟ 

2  抑制控制的 tDCS 研究 

΅ , ᾍ ᾍ

  ẨɟẹΨᾀ ᾑ

(Transcranial Direct Current Stimulation, tDCS)

ᾍ ᾍ ᾍ φ

ͫɟtDCS ͫ ֪Ẩ ᾑ , Њ

tDCS ѡ ᾑ ┘, ᾍ

ᾍ ᾍ לּ   ἏɟtDCS

֪Ẩ , ӊ , ặ

ӻ ί

Ψ ᾇЂ Ẩ (Priori, Hallett, 

& Rothwell, 2009)ɟẹζ Ә ᾍ ӻ

ᾑ ẃ, ẃ Ӊ

; הּ , ặ  Woods)לּ

et al., 2016)ɟ ѡ tDCS ѡ

֪Ẩ כּ ┘ặ У ί ɞ

ↄ, ъלּ ӑ Ә

(Zmigrod, Colzato, & Hommel, 2014)ɟ

ḏ ѡ ԝ ᾍ ᾍ שּׂ┘

, ӂ Υ┘ ᾍ ᾍ

ᾇẶ Ә (Juan & Muggleton, 

2012)ɟ tDCS ѡ ͫ┘

ᾍ ᾍѷ  Ặ ┘ ɟtDCS ᾑ  

 
 

2  ᾍ ᾍ Ặ ᾑ ┘ 
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┘ , ӊ ┘ ặ

, ъ ѡ ┘Ά -

РЎӘ ɟ ӻ tDCSᾑ ֜ IFG, 

Җ ֜ IFG ặ , STN

, ъ ặ , Β Ὁ ᾇ

ᾍ, ᾍ ᾍ (Chambers, Garavan, 

& Bellgrove, 2009)ɟ 10 , ᾀ tDCS

ᾍ ᾍ ᾍ , ԝЂ

Ặ ɟ 

Ψ, ᾍ ᾍ tDCS

ζ ӻ Stop Signalѷ (SST) Go/No-Goѷ 

(GNG)Ξ ɟ Stop Signal ѷ Ψ, ל

Ά ᾇᵩ מ ◑ᵩ Ἇ

אּ , ẹỈ ᾍ אּ ᾍ

(reactive inhibition), ◑ͫ   Ψ

אּ ᾍ ; Go/No-Go ѷ Ψ, 

Άל Ѳ;΅ אּ , 

ẹ ᾍ ζ  ᾍ (proactive inhibition), 

◑ͫ Ỉ   ẍᵧὉ אּ ᾍ

(Cunillera, Fuentemilla, Brignani, Cucurell, & 

Miniussi, 2014; Ψ, , 2015)ɟ 

2.1  额下回区域的 tDCS 研究 

ᾍ ᾍ tDCS Ψ
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Campanella ж(2017) ϛ Ђ ͫ ɟ 

ӂͫЗ ◒ ᾇЂ΅ ɟCunillera

ж(2014) Stop-Signalѷ ΆGo/No-Goѷ 

ͫ , ὰ Ђ GNG-SSTѷ , ѷ 

ѡ Άל ζ  ᾍ אּ ᾍ Ỹɟ

IFG ᾑ ЂלΆ

Go/No-Goѷ  Stop Signalѷ Ψ ε

, Ђ IFG  ΆЂζל

ᾍ אּ ᾍΞ ᾍ ᾍ ɟ

ԝЂζ  ᾍΆּא ᾍΞ ѡ

Ψ Ә ɟ ͫ

Ψ, ◒ ẫ (Cunillera, Brignani, 

Cucurell, Fuentemilla, & Miniussi, 2016)ɟ

֒ , ẹ , IFG

ᾑ ЂלΆ Go/No-Go ѷ Ψ

ε , ӂ Stop Signalѷ  ε

ɟ ε GNG-SSTѷ  Go/ 

No-Goѷ Ά Stop Signalѷ  ͫ , ΅с

ΆלЂהּ ѷ  , ϛӻ Άל

ѷ  אּ ᵧὉЂ ɟ 

Ά tDCS ϛ

εẶ ɟεЂ ε ᾍ Ά tDCS

ѡ ε ᾍ Ὼ, Ditye, Jacobson, 

Walsh Lavidor (2012) Ђ tDCSᾑ 4

IFG ε ᾍ ɟ

, Ђ ᾍּא Ὼ, 

Ά tDCS У Ђ ︢ ɟ

הּͫ ԝЂ tDCS Ά ѡ

ᾍ ᾍ Ὼ , Ặ

ԝЂ ɟ 

ͫ ѡ ж ӏε Ђ

tDCS ж( 70.68±3.5) ᾍ ᾍ Ὼ

ɟ Άל כּ ֜ IFG

ᾑ φ Stop Signal ѷ  Go/No-Go

ѷ ɟ tDCS Ξ ѷ Ψ

ж ε (Geusens & Swinnen, 2014)ɟ

Ђ ж ᾍ ᾍ Ὼ ᾇכּ

tDCS ɟӂ ͫ , 

ͫ ɟ 

, Њ IFG tDCS Ψ, Ξ֜

IFG Ӊ ΅ ɟẹΨ ζ Ξ

Ӊ , 10-20 ὗᾂε“T3-Fz

Ά F7-Cz Р /T4-Fz Ά F8-Cz

Р ” “F7/F8”ɟъ , 

Ξ Ӊ ᾑ Җ ᾇ ᾍ ᾍ , 

Ύ ᾤ Ξ Ӊ ᵧὉ ɟ 

2.2  前辅助运动区的 tDCS 研究 

Pre-SMA ͫפֿ Ά ᾍ ᾍ Ὑ Ặ

┘ɟ הּ , pre-SMA Ά אּ

ѡ ѷ ỵ Ặ(Nachev, Wydell, O’Neill, 

Husain, & Kennard, 2007; Obeso et al., 2011)ɟtDCS

, pre-SMA ┘   tDCS ᾑ Җ

Άל ᾍ ᾍɟ ᾤἭω ᾑ

pre-SMA ᾍ ᾍ Ђ Stop Signalѷ

 , ᾇЂ εͫ , ◑ӻ ᾑ

pre-SMA Άל╗ ε ɟ 

Hsu ж (2011)ᾀ ѡ ╗ ᾍ

Pre-SMA tDCS ᾍ ᾍѷ

  ɟ , Pre-SMA ᾑ

ӊЂѷ  , Ђ ᾤ TMS , 

ᾑ Ὦ ᾇЂ ָ Ә , 

Ặ ẃ ᾇЂכּ tDCS ɟ З

הּ , Pre-SMA ᾍ΅ אּ ָ

ѷ  ῾ Ặ Ә ɟ Ҹ

Ὁ Kwon ж 2013 Ψɟ

Ψ, לΆ tDCS ᾑ pre-SMA φ

ᾤɞᾑ ᾑ ὗᾂ ͫ Stop Signalѷ

 ɟ Њᾑ ᾤ, ᾑ ᾑ

Stop Signal ѷ  Ђᵩ מ אּ

SSRT (Kwon & Kwon, 2013a)ɟ Ђ pre-SMA

ᾍ ᾍΨ Ә , ϛ Ђ tDCS

ᾑ Άѷ  Ặ ᾑ ɟKwon

ж ͫפֿ הּ Pre-SMA  

tDCS ᾑ Ђᵩ  

ɟ הּ , ὲ   (primary 

sensorimotor cortex, M1)   ᾑ , Υӏ

אּ ᾍ῾  ,Kwon & Kwon)לּ

2013b)ɟ 

Liang ж(2014) Ђͽ , 

Ђ tDCS מ (multiscale 

entropy, MSE) ɟMSE ͫ מ

, MSE מ

ɞמ Ϋ (Peng, Costa, & Goldberger, 2009)ɟ

Pre-SMA tDCS ╗Ђ Go ε

ϛ ╗Ђ ┘ MSE, Stop

MSE ɟ ┘ Ψ
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מ Ϋ   ᾍ ᾍΨ

φͫɟ Ђ Pre-SMA ᾍ ᾍ

Ψ Ặ Ә ɟͫ tDCS fMRI

, pre-SMA   ᾑ Ђ

SSRT , Ђ pre-SMA Ά Ỉ֜ᾤ

(vmPFC)  , tDCS

Ђ pre-SMA vmPFC ῾ ɟ 

2.3  背外侧前额叶的 tDCS 研究 

dlPFC ϛ ѨẶ ┘φͫɟfMRI

הּ ֜ dlPFC ѷ  Stroopѷ

 Ψ, Җ Ά ᾍ Ặ ѷ У

(MacDonald, Cohen, Stenger, & Carter, 2000); 

֜ dlPFC No-Go Ψ Go

, dlPFC אּ ᾍ ║ὗ

Ә (Asahi, Okamoto, Okada, Yamawaki, & Yokota, 

2004)ɟBush Shin (2006)ּה ᾍ ᾍѷ Ψ, 

95% Άל ҖУ dlPFC ɟ 

tDCS Ψ, ᵜ֜ↄ ͫ ᾇכּ

Ѩ Ặ ɟ ךּ ֜ dlPFCӘε tDCS

ᾑ ᾍ ᾍɟ ֜ dlPFC

 ╥ tDCSᾑ Җ Go/No-Goѷ 

ε ɟSoltaninejad, Nejati Ekhtiari (2015)

Ђ dlPFC   tDCS ADHD

ᾍ ᾍ ɟ , Ά Ҧᾑ

Ѳ , dlPFC   ᾑ Go/ 

No-Goѷ ΨGo , 

dlPFC   ᾑ No-Go

ɟ dlPFC ╥ ᾑ ᾍ

ᾍУ Ђ ɟNieratschker, Kiefer, Giel, Krüger

Plewnia (2015)ӻ Go/No-Goѷ  לּ , ϛ

הּ Ђ ֜ dlPFC   ᾑ Җ Ҡ ᾍ

ᾍ Ὼɟֿͫפ Ψ, לΆ ͫ

Flanker Ά Go/No-Go ѷ  ѷ , ּה

Άל dlPFC   ᾑ ╗Ђ

ѷ Ψ ε ɟ , Ђ 1 mAɞ

1.5 mAɞ2 mAͼ ΅ ᾍ ᾍ

, ΅ tDCS У Ђ Ҹ

, ΅ (Karuza et al., 2016)ɟ 

ӂֿͫפЗ אָ tDCS ᾑ Ξ֜

dlPFC Ὦ΅Җ Go/No-Go ѷ  ε ɟ

Lapenta, Sierve, de Macedo, Fregni Boggio (2014)

ͫ Ψ Άל dlPFC אָ  tDCS

ᾑ , ◑ dlPFC   ᾑ dlPFC

  ᾑ Άל , ᾑ

Go/No-Goѷ ɟ ε הּ ᾑ ε

ΆҦᾑ ɟCosmo ж

(2015) ADHD Ђָא tDCS ᾑ

dlPFC , ᾑ ΆҦᾑ

Go/No-Go ѷ  ε ͽ ɟ

Ђ ֜ dlPFC ᾍ

ᾍУ ɟ ͫ ϛ ᾇ Beeli ж

ɟ Ψ Άל , ֜ dlPFC Ђכּ

tDCS ᾑ φ Go/No-Go ѷ , 

ᾑ Άל Ὁ ᵔ ╗ , 

Њ ֜ dlPFC ᾑ ϛ Ҡ ᾍ

ᾍ(Beeli, Casutt, Baumgartner, & Jäncke, 2008)ɟ 

φ , tDCS Ђ dlPFC

ζ  ᾍ אּ ᾍΨ ɟᾑ dlPFC

Go/No-Goѷ Ψ Ὁ Ђ dlPFC

ζ  ᾍ Ψ Ә , ӂ Ӊ ᾑ

΅Җ Stop Signalѷ  ɟStramaccia

ж(2015) Ђ ֜ IFG ֜ dlPFC ὗᾂ

tDCS ᾑ φ Άל Stop Signal ѷ Ψ

הּ , ֜ IFG ᾑ ӊЂ

SSRT, ֜ dlPFC ᾑ У ε

ɟ Ђ ֜ IFG אΆּל ᾍ

, Ђ dlPFC אΆּל΅ ᾍ

ɟ ͽ Ѩּה , IFG אּ ᾍ ᾇ

Ặ Ә ◒΅  ζשּׂ ᾍ, ּא, dlPFCὮ

 ζשּׂ ᾍ Άּא ᾍ Ặɟ , 

ẹђ שּׂ ᾍ ᾍ ѷ Ψ( Stroopѷ ɞ

ѷ  MSIT ), ӻ tDCS ᾑ dlPFC ϛ

Άל ε Ђ (Brunyé, Cantelon, 

Holmes, Taylor, & Mahoney, 2014; Loftus, Yalcin, 

Baughman, Vanman, & Hagger, 2015; Oldrati, Patricelli, 

Colombo, & Antonietti, 2016)ɟ 

3  额叶区域 tDCS 对神经疾病患者抑制

控制的影响 

3.1  tDCS 影响 ADHD 患者的抑制控制 

Җ Ὁ ᾍ ᾍ כּ , 

Ὼ   (attention deficit hyperactivity 

disorder, ADHD)ɞ (Major depressive disorder, 

MDD)ɞ   (Tourette syndrome, TS)ɞ

(autism spectrum disorder, ASD)

(Agam, Joseph, Barton, & Manoach, 2010; Ganos et 
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al., 2014; Kalu, Sexton, Loo, & Ebmeier, 2012; 

Palm et al., 2016; Yasumura et al., 2014)ɟ , 

ᾍ ᾍ Ҡ ADHD ῾

כּ φͫ(Barkley, 1997; Shimoni, Engel-Yeger, & 

Tirosh, 2012)ɟADHD ͫ ṿ Әהּ

, ẹ Ὼ ӊ;, ỵ 

 ᵋ ɟ ḏ , ADHD

ᾤ ┘ ӊ, Ђẹ ᾍ ᾍ

Ὼּכᾇ Ҡ(Cubillo et al., 2014)ɟ ADHD

ṿ Ψ ᾇ ᾍ (Barkley, 1997; 

Yasumura et al., 2014), Ύ Җ

ᾇ (Mannuzza, Klein, & Moulton, 2003)ɟͫ

הּ , ADHD Stroop ѷ Ψ ᵲ

Άל (Yasumura et al., 

2014)ɟ , Άᵲ , ADHD

Flanker ѷ Ψ אּ

(Mullane, Corkum, Klein, & Mclaughlin, 

2009)ɟ 

ᾀ tDCS ADHD ᾍ ᾍ

῾ ͫ ADHD ᾍ, ϛε

ADHD ԝͫЗ (Vicario 

& Nitsche, 2013)ɟBreitling ж(2016) ͫ

Ђ tDCSᾑ ֜ IFGҖ ADHD

ᾍ ᾍ Ὼɟ Ψ, ADHD ל

Ά ᵲ Άל ὗᾂ Ђכּ tDCS

ɞ Ҧᾑ , Flankerѷ ɟ

ᾑ ADHD Њ Ҧᾑ

ӊ אּ ɟ , 

ADHD ѷ Ψ ε Άᵲ

, ᵔ ADHD Ὦ ᵲ

ɟ Ђ tDCS ᾑ IFG ╗

Ђ ADHD ᾍ ɟ 

tDCS ᾑ ֜ dlPFC ϛҖ ADHD

ᾍ ᾍ У ɟͫ Ψ , 

ADHD Ψ ֜ dlPFC כּ tDCS

ᾑ φ Go/No-Go ѷ , Њ

֜ dlPFC ᾑ Go/No-Go ѷ  “Go

”Ψ Ђ ; ֜ dlPFCͽ ᾑ

Ὦ  Ђ Go/No-Go ѷ  “No-Go ”

ᾍ ԇɟ ͫ Ђᾑ ADHD

֜ dlPFC ẹ ᾍ ᾍ (Soltaninejad et 

al., 2015)ɟ Nejati, Salehinejad, Nitsche, Najian

Javadi (2017) ͫפֿ ӻ tDCS ᾑ

ADHD ṿ dlPFC, ּה ᾑ

Ђ ADHDṿ Stroopѷ  , ẹ

ᾍּכᾇ ; ᾑ Ὦ Ђ Go/No-Go ѷ

  אּ , ᾍ Ὼּכᾇ tDCS ɟ

Bandeira ж(2016) Ψ, לΆ ₿ 9

ADHD ṿ ɟ 5 tDCS

▐ └ ɟ tDCS 5 ὗ , 

Њ ֜ DLPFC , Њ

ͽɟ ὗᾂ ᾑ ᾤ ᾍ ᾍѷ , 

Ὁ tDCS ᾑ Ὼ

ᾍ ᾍѷ Ψ Ἒ ɟ 

ͫЗӻ tDCS ADHD ᾑ

Ὁ (Cosmo et al., 2015; 

Soltaninejad et al., 2015)ɟ ᾤ ADHD

tDCS ֒ , tDCS ADHD ᾍ

ᾍ

ɟ 

3.2  tDCS 在其他神经疾病的应用 

tDCS MDDɞTS ASD ẹђ

ϛ ᾇЂ ɟ Њ tDCS

Њẹђ ֪Ẩ ᾑ ִ ɞ

ẫ , ẹ Ә

ᾇЂ Ặ ɟ 

εΆ ᾍ ᾍ ϭ Ặ

(Langenecker et al., 2005)ɟ

Њᵲ ѷ Ψ Ὁ ᾍ ᾍ Ҡ

(Langenecker et al., 2007; B. W. Zhang, Xu, & 

Chang, 2016)ɟ Әε , ẹ΅

Ж ᾍ ᾍ ϛ (Mayberg, 

2007; Quinn, Harris, & Kemp, 2012)ɟ ᾤ Њ

:tDCS ѡ ᾑ

֜ DLPFC ᾑ

ӊ ֜DLPFC  ѡ (Brunoni, 

Ferrucci, Fregni, Boggio, & Priori, 2012)ɟẃὗ

, tDCS У Ύ

Ẻ ί τ Ә (Brunoni et al., 2016; Kalu et 

al., 2012)ɟ 

TS ṿ φͫɟẃὗ

, TSӘεͫ שּׂ    

, ẹ ᾍ ᾍ הּ Њᵲ

ж , TS Ά ADHD Ẵ Ὦ ╥

TS ᾍ ᾍ(Morand-Beaulieu et al., 

2017)ɟ TS ᾍ ᾍ ѷ  



1982       26◕ 

 

 

, SSTѷ Ψ, TS

Άᵲ ΅ (Ganos et al., 2014)ɟ

Eapen ж(2017) Ђ tDCS TS

ᾍ ᾍ שּׂ Ә ɟ Ψ, Ξ

TS Ђכּ 6 tDCS 3 tDCS

Ҧᾑ Go/No-Go ѷ  ᾍ ᾍ Ὼ

ɟ , ͼ SMAᾤ ┘

  20 ὗ tDCS ᾑ ɟ3 6

Ξ No-Go ᾤ

; , ӂ כּ 3 Ҧᾑ ╗

ᾇЂ ᾤ ɟ 

ASD ͫ ъṿ הּ , 

ẹ ₿ ҖР ε (Muszkat, 

Polanczyk, Dias, & Brunoni, 2016)ɟͫЗ Ặ

Ђ ASD ᾍ ᾍ ɟ

הּ אּ , ѷ  ͫЗ ᾍ ᾍѷ Ψ

ASD ACCɞPFCּׂש ┘

῾ ӊЊ ᾍ (Agam et al., 2010; 

Thakkar et al., 2008)ɟ , ΅ ѷ Ψ ASD

΅ Ὁ ᾍ ᾍ Ҡ, 

ѷ  (Christ, Holt, White, 

& Green, 2007; Padmanabhan et al., 2015; Schmitt, 

White, Cook, Sweeney, & Mosconi, 2018)ɟtDCS

ASD Ә ɟεЂ ṿ

Ϝ Ὼ, Schneider Hopp (2011) ASDṿ

Ђͫ tDCS ɟ Ψ, 

Ђ 16-21 10 Ӊ ASD ɟ

tDCS ᾑ ▐┘ , ὗ

Њᾑ ᾤ ὗɟ ͫЗ הּ , ֜

dlPFC   ᾑ ѡ ASD ṿ

(Amatachaya et al., 2014; Amatachaya et al., 

2015; Costanzo et al., 2015; Hameed et al., 2017)ɟ 

З Ђ tDCS

ɟӂ Њ , tDCS ᾑכּ

ɞѷ  , 

΅ Ὁ ɟ , MDDɞTS

ASD הּ Ұ ΅

ᾍ ᾍ Ҡ, ӂ ᾤ ζ Ặ tDCS

Њ З , ӻ tDCS ͽ

ᾍ ᾍ ɟ ѡᾀ

tDCS Ά ᾍ ᾍ Ҡ

Ặ Ẩ ɟ 

4  tDCS 与其他技术的结合在抑制控制

领域的应用 

tDCS Άẹђ ε ΅

ᾍ ԝЂ ɟ tDCS

הּ ↄלּ ѡ ῾

ẉ (functional Near-Infrared Spectroscopy, 

fNIRS)ɞ῾ Ẵ ḏ (functional magnetic 

resonance imaging, fMRI) ɞ

(Electroencephalogram, EEG) (Nitsche 

& Paulus, 2011); , fMRIΆ tDCS

ѡε tDCS ᾑ ԝ Ӊ, ϛ ѡ

tDCS ┘ (Woods et al., 

2014)ɟ 

4.1  tDCS-EEG 技术的结合在抑制控制领域的 

应用 

ᾍ ᾍ , ͫЗ EEG

Ά tDCS ͫ ɟ EEG Ά tDCS

Ә Њ, EEG

אּ , ẃ ɟ

, Ҕ ὗ ԝЂ ᾂ

┘ tDCS אּ ѡּׂש Ѩ Υᾑ Ψ

Ӊ ↄ, Ђלּ ↄלּ ͫΥ┘ Ỉ

(Miniussi, Brignani, & Pellicciari, 

2012; Woods et al., 2016)ɟ 

ᾤ הּ ͫЗ ERP ὗΆ ᾍ

ᾍ Ặɟ Go/No-Goѷ Ψ, ᾤ ┘ N2

ὗ P3 ὗ NoGo Ѳ; Њ Go

Ѳ (Falkenstein, Hoormann, & Hohnsbein, 

2002)ɟ Ψ, No-Go Ѳ; N2 ὗ

εΆּא ᾍ Ặ, ӂ Ψ, N2

῾ Ӊ, ε ᾍ ỵ

(Donkers & van Boxtel, 2004; Huster, 

Enriquez-Geppert, Lavallee, Falkenstein, & Herrmann, 

2013; Zhang & Lu, 2012)ɟNo-Go Ѳ P3 ὗ, 

ε ᾍ P3, Ψ ε

Ђ   ᾍ῾ (Smith, Jamadar, 

Provost, & Michie, 2013; Smith, Johnstone, & Barry, 

2008)ɟ , No-Go Ѳ;, ῾ ᾍ

ᾍ Ὁ P3 (Dimoska, 

Johnstone, Barry, & Clarke, 2003; Greenhouse & 

Wessel, 2013; Wessel & Aron, 2015)ɟ tDCS

Ψ, Ặ N2 P3 ὗ No-Go 
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ѲΆ Go Ѳ; כּ tDCS ɟ

εNoGo Ѳ ΆGo Ѳ;

φ , N2 P3 ὗᾂ Ә N2d P3d 

(Campanella et al., 2017)ɟ 

Cunillera ж(2016) Ψ , 

Ђ Stop Signal ѷ  Go/No-Go ѷ ѡ IFG

אּ ᾍΨ Ә , tDCS Њ ֜

IFG EEG ḏɟ הּ IFG tDCS

ᾑ Ђζ  ᾍ, ζ  ᾍ אּ ᾍ

Ξ Ѳ;, tDCS ᾍ P3У Ђ Ҹ

Ә ɟֿͫפ Ψϛ ᾇЂͫ ɟל

Ά tDCSᾑ ֜ IFGᾤ ὗᾂ ͫ Go/ 

No-Goѷ  EEG, tDCSᾑ φ

Go/No-Goѷ Ψ, P3d ӊЊ tDCS

φᾤ, Ύ Њ כּ tDCS ᾑ

Άל Ψ(Campanella et al., 2017)ɟ ͫ

IFG tDCS ᾑ Ἒ אּ

ᾍ אּ ᾍ ɟ 

EEG ὗ ϛ ᵉ Ặ φͫɟ

θ Ά ε ᾍ Ặ, ͫ הּ

ᾍּא ԇ Ђ θ ӊ῾ (Lansbergen, 

Schutter, & Kenemans, 2007)ɟ Jacobson, Ezra, 

Berger Lavidor (2012) ͫ Ψ, לΆ

כּ ֜ IFG 15ὗ tDCSᾑ

Ђ 15ὗ EEG, לΆ ֜

IFG ┘ ᾇЂ θ ῾ ӊɟ

Ђ tDCS ᾑ ѷ  Ѳ; ᾍ ᾍУ

ѡ EEG ὗ ᾇɟ 

4.2  tDCS-fMRI 技术的结合 

, tDCS ᾑ ᾑשּׂ

Ψ ῾ ↄלּ (Peña- 

Gómez et al., 2012; Sehm et al., 2012), ᾇ

ᾤε , жѨ Њ tDCS Ә

щ φ ɟ Υ ѡ tDCS

Ά῾ ḏ ỶɟӘε

ӻ Њ  ῾ ᾍ ḏ

, fMRIΆ tDCS ѡε tDCS

ᾍ ԝ ὗ ɟtDCS

Ά fMRI Њ ẫ ὗ tDCS

ᾍ(Sehm, Kipping, Schäfer, Villringer, & 

Ragert, 2013)ɟᾑ ᾑ fMRI ѡ

ԝ┘ מ , ѡΆ ε Ặ

ɟ fMRI   tDCSᾑ Ὦ ѡ

ᾂẫ ῾  ↄ(Meinzer et al., 2014)ɟלּ

tDCS-fMRI ᾤ ᾍ ᾍ

Ψ ɟYu, Tseng, Hung, Wu Juan (2015)

ͫ tDCS fMRI Ђ

pre-SMA אּ ᾍΨ Ә ɟ , 

tDCSᾑ pre-SMA ЂלΆ ᵩ

; fMRI ḏ pre-SMA┘ ᾑ ᵩ

Ψ אΆּל΅ ,

ᾍ Ỉ֜ᾤ (ventromedial prefrontal 

cortex, vmPFC) ᾑ ᵩ Ψ Ὁ

, Ύ pre-SMAΆ vmPFCφ ῾

ɟ З ᾑ pre-SMA

ε Ά pre-SMA Ά vmPFC

῾ Ặɟ 

tDCS-fMRI ᾤщ ΅ φ

ɟAntal ж(2014) , tDCSᾑ Җ

fMRI ḏ(echo-planar imaging, 

EPI), tDCS fMRI ᾇ

ɟ ӑ fMRI ḏΨ

Ҧ , ͫΥ ᾇ Ỷ ɟ 

4.3  tDCS-fNIRS 技术的结合 

tDCS ӑ ↄלּ ͫΥ

ɟ ↄלּ ͫΥ

┘   (regional cerebral blood 

flow, rCBF)ּׂשџ Ә ↄלↄ, Зּלּ ѡӻ

fNIRS , ѡ ԝ ┘

ὰ ִ (Merzagora 

et al., 2010)ɟϛ , rCBF , 

ѡ tDCS ᾑ ɟfNIRS ͫ

Ѳ Ψ
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Parasuraman, & Ayaz, 2015)ɟ 

ͫЗ Ђ fNIRS Ά tDCS

ɟMerzagora ж(2010) Ψӻ fNIRS

ᾤ Ҝ ᾑ ᾤ tDCS ᾤ

ɟ , fNIRS ῾ Ђ tDCSᾑ

ↄ, tDCSלּ Ψ

У HbO2  ɟ הּ , 

ᾑ Җ  Ὼ У

ɟJones, Gozenman Berryhill (2015)ӻ fNIRS

Ә ΅ Άל כּ tDCS

, Ә Άל

tDCSφ ѷ Ψ Ὁ ↄ, ӊלּ Ә

Άל tDCS

 ɟ ᾤ ᾍ ᾍ

, ӂ З Ђ fNIRS Ά

tDCS Њ , 

ѡ ᾇ ᾍ ᾍ Ψ, ѡ Ẩ

Ђ ẹ  ↄɟלּ

5  总结与展望 

10 tDCS ᾇЂ

ɟ ӻ tDCS ᾑ Άל

IFGɞdlPFC pre-SMA ┘ , Ђ З┘

ᾍ ᾍ Ψ ᾇ Ә ɟ הּ , 

tDCS ֜ IFG ┘ ặ Җ Stop 

Signal ѷ Ψ ε ΅Җ Go/No-Go

ѷ  ε , ֜ IFG Stop Signal

ѷ  אּ ᾍ Ψ ᾇ Ә

ɟ ӻ tDCS ֜ dlPFC Җ

Go/No-Go ѷ  ӂ Stop Signal ѷ 

, Ђ ֜ dlPFC ζ  ᾍ Ψ Ặ

Ә ɟͫЗ הּ tDCS pre-SMA

ѡ Stop Signalѷ Ψּא ᾍ

, ӂ pre-SMA ζ  ᾍ

ɟ ͫ ε“ - ” ԝ

Ђ ᾑ ɟ   

Ђ ֜ IFG ֜ dlPFCϛ ᾍ ᾍУ Ә

, ӂ ͫ Ψ

ɟ 

tDCS Њẹ ѡ

, ѡ ┘ , Њ

הּ ᾍ ẹ Ә ɟ

ADHD Ψ, ӻ tDCS

֜ IFG ֜ dlPFC , ᾇЂ

ᾍ ᾍ Ὼ ╗ɟᾀ tDCS ᾍ

ᾍ ᾍ 10 ║ὗ , У

Ђ τ , ӂ ͫ щ

ᵉ ɟ 

5.1  tDCS 刺激区域的精细化 

΅ , tDCS ΅

ẍ У †ɟ ᾑ

 Ά ┘ ↄ ῾ Ӊ, dlPFC

┘ ₿ Ђ ┘(Brodmann's area, BA) 9

┘ 46┘, ᾤ ︢ Ђ dlPFC

ᾍ ᾍΨ Ә , ᾑ ӻ Ѩ

BA9┘ BA46┘ ᾍ ᾍΨὗᾂ

(Bari & Robbins, 2013)ɟεЂ tDCS

, ж Ђהּ tDCS 

(HD-tDCS) ɟ tDCS ͫΥ

4-1 ᾑ , ₿ ͫΥ

┘ ᾑ Υ ᾑ

ɟ Υ 25% (

, ӑ , н , 2016)ɟ , HD- 

tDCS Ὼ ҔЊҜ tDCSɟ

ε Ὼ , Hogeveen ж(2016)

ϛẅὗ Ђ HD-tDCSΆ tDCSẺ

Ὼɟ Њ HD-tDCS Ά tDCS

ὗ , Җ Њ

ᾍ ↄ ɟ 

5.2  刺激模式对抑制控制的不同成分的影响 

ͽ , Ѩ΅ הּ , ғ

tDCS ᾍ ᾍ ᾍ Ψ, 

Њ΅ ѷ  ΅ ᾑ Ӊ , ᾇ

ᾂɟ Ψ, 

З ͫ ѳᵉ

Әɟ ѡ Ψ, ᵔ tDCS

ᾑ ָ ┘ , ᾑ ᾍ ┘

ɟӂ ᾍ ᾍ Ψ, Ỹ

ɟ tDCSᾑ IFG , ᾑ Җ Stop 

Signal ѷ  ε ͽ╗, ᾑ

(Cai et al., 2016; Castro-Meneses, Johnson, 

& Sowman, 2016; Ditye et al., 2012; Hogeveen et al., 

2016; Jacobson et al., 2011; Stramaccia et al., 2015)ɟ

ᾑ IFG, לΆ Go/No-Goѷ  , 

Ὦ΅ҖУ ѷӑ ε ↄלּ (Campanella et 

al., 2017; Dambacher et al., 2015; Geusens & 
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Swinnen, 2014)ɟ΅ ѷ  ᾍ ᾍ

הּ мσ , ѡּׂש tDCS ᾑ

ᾍ ᾍ Ψ мσ , З

΅ , Ύϛ ц Ψᵉ

Ẩ ɟ 

5.3  针对神经性病症患者的研究 

, ADHDɞ (Parkinson's disease, 

PD)ɞ Ẽ (Alazheimer's disease, AD)

῾ ҠɟtDCSӘε

ͫ ֪Ẩ ᾑ , ΅

Ψ Ђהּ (Breitling et 

al., 2016)ɟͫЗ ε, tDCS εͫ

ɟ Ђ ῾ φ , 

Њ tDCS ѡ ┘

, ẹ ᾍ ϛ ᾇ

Ђ Ә ɟ ᾤ הּ Ђ tDCS ᾑ

IFGɞdlPFC ┘ ADHD ᾍ ᾍ

Ә , З ┘ ᾑ ẹђ

Ә , Ә , щ ͫ

ɟ 

5.4  tDCS 对不同年龄段人群抑制控制的影响 

Ὼ ͫ ↄלּ Ὼɟ ᾍ

ᾍϛ , ẹΆ φ Ặ הּ ͫ

U (van de Laar, van den Wildenberg, van 

Boxtel, Huizenga, & van der Molen, 2012)ɟ

ᾍ΅ אּ ъ ᾇ , 

φ Ἒ ɟּה הּ , 

ᾍ ᾍ Ὼ 12 ѡ щ הּ , 

ᾇ ɟ жΨ, ѷ  Ψ

ᾍ (van de Laar et al., 2012)ɟΆ

ж , ṿ ᾍ ε פɟֿלּ , ж

ѷ Ψ אּ ж ↄϛלּ ,

(Mcauley, Yap, Christ, & White, 2006; , 

ᴶ, , 2014)ɟ ᾤ, tDCS ᾍ

ᾍζ ж ӏ, ṿ

ж Ặ ɟtDCS ṿ ᾍ ᾍּה

, tDCS Җ ж ᾍ

ᾍ ↄ, З щ Ѩ ɟ 

5.5  tDCS 结合抑制控制训练的影响 

ᾤ, ︢ ε ΅ ᾍ ᾍ

ɟLogan Burkell (1986)ӻ Stop Signal

ѷ  Άל 6 הּ , Stop Signalѷ 

Ψ ε ɟ Ditye ж(2012)

Άל 4 הּ

Ђ Stop Signal ѷ  ε , tDCS

 ẨὮ Ђ ɟ ᾍ ᾍѷ 

Њ╥ͫѷ Ψ ΅ ѷ 

ↄ , tDCS π

, З ᾇẅὗ ɟ 
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Effects of transcranial direct current stimulation (tDCS)  
on the frontal lobe region on inhibitory control 

ZHOU Jing; XUAN Bin 
(College of Educational Science, Anhui Normal University, Wuhu 241000, China) 

Abstract: Inhibitory control is an important part of executive function. Studies have showed that inhibitory 

control is in connection with activities in the frontal lobe region. Transcranial direct current stimulation 

(tDCS) is a kind of non-invasive brain stimulation that can regulate activation intensity of the brain region. 

Studies have shown that tDCS on partial region of the frontal lobe can effectively interfere with the level of 

inhibitory control of the participants, and this intervention can be affected by changes in such conditions as 

location and type of the stimulation, and experimental tasks. At present, tDCS has been applied to the 

studies on inhibitory control of different populations, and can be better combined with other research 

techniques. 
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