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°“√°√–µÿâπ¥â«¬§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ºà“π°–‚À≈°»’√…–
‡ªìπ°“√°√–µÿâπ ¡Õß∑’Ë‰¡à√ÿ°√“π ·≈–‰¡à∑”„ÀâºŸâ∂Ÿ°°√–µÿâπ‡°‘¥
§«“¡‡®Á∫ª«¥ °“√°√–µÿâπ¥â«¬§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“¡’ 3 ™π‘¥
§◊Õ °“√°√–µÿâπ§√—Èß‡¥’¬«  °“√°√–µÿâπ§≈◊Ëπ§Ÿà  ·≈–°“√°√–µÿâπ È́”Ê

°“√°√–µÿâπ´È”Ê ®– “¡“√∂ª√—∫‡ª≈’Ë¬π°“√∑”ß“π
¢Õß ¡Õß ·≈–‡ªìπ‡∑§π‘§„À¡à„π°“√»÷°…“«ß®√ª√– “∑
·≈–°”≈—ß∂Ÿ°æ—≤π“‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„™â√—°…“‚√§

∫∑∑∫∑«π«√√≥°√√¡π’È®–°≈à“«∂÷ßæ◊Èπ∞“π¢Õß‡§√◊ËÕß
°√–µÿâπ ™π‘¥¢Õß°“√°√–µÿâπ·≈–ª√–‚¬™πå∑’Ëπ”¡“„™â °≈‰°
°“√ÕÕ°ƒ∑∏‘Ï ·≈–°“√„™âπ”°“√°√–µÿâπ´È”Ê ¡“„™â„π°“√
√—°…“‚√§

Transcranial magnetic stimulation is a non-invasive and
painless stimulation of the human brain. There are three types
of stimulation: single stimuli, pairs of stimuli separated by
different intervals (to the same or to several brain areas),
or trains of repetitive stimuli at various frequencies. Single
stimuli give rise to motor evoked potentials that have clinical
use and serve diagnostic and prognostic purposes.

Repetitive transcranial magnetic stimulation can modify
excitability of cerebral cortex. It has opened a new field
of studying of the neural circuitry, and is developing into
a therapeutic tool.

This general review considers fundamental of transcranial
magnetic stimulation, mode of stimulation and its application,
mechanism of action, and their utility in clinical practice.

∫∑øóôπøŸ«‘™“°“√ • Review Article
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∫∑π”

Transcranial magnetic stimulation (TMS) ‡ªìπ‡§√◊ËÕß¡◊Õ
 ”À√—∫°√–µÿâπ ¡Õß spinal root, cranial nerves ·≈– peripheral
nerves

TMS ‡ªìππ«µ°√√¡∑’Ë∑”„Àâ∑√“∫æ¬“∏‘ √’√«‘∑¬“¢Õß
§«“¡º‘¥ª°µ‘∑“ß√–∫∫ª√– “∑·≈–∑“ß®‘µ‡«™ ·≈–∂Ÿ°æ—≤π“

‰ª Ÿà°“√«‘π‘®©—¬∑“ß§≈‘π‘° °“√µ√«®‡æ◊ËÕæ¬“°√≥å‚√§·≈–
π”‰ª„™â„π°“√√—°…“‚√§À≈“¬™π‘¥ ´÷Ëß°“√§âπæ∫»—°¬¿“æ
¢Õß‡§√◊ËÕß¡◊Õπ’È‰¥â¢âÕ¡Ÿ≈¡“®“°À≈“¬°“√»÷°…“ ·µàÕ¬à“ß‰√
°Á¥’ ¬—ß¡’§«“¡µâÕß°“√°“√»÷°…“‡°’Ë¬«°—∫ TMS ¡“°°«à“π’È
‡æ◊ËÕ∑’Ë®–°”Àπ¥∫∑∫“∑¢Õß°“√„™âª√–‚¬™πå„π∑“ß§≈‘π‘°
‰¥â¥’¬‘Ëß¢÷Èπ
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æ◊Èπ∞“π¢Õß‡§√◊ËÕß°√–µÿâπ·¡à‡À≈Á° (Basic principles of
magnetic stimulation)

Barker ·Ààß¡À“«‘∑¬“≈—¬ Sheffield ª√–‡∑»Õ—ß°ƒ… ‰¥â
 √â“ß‡§√◊ËÕßµâπ·∫∫¢Õß magnetic stimulator ¢÷Èπ‡ªìπ§√—Èß·√°
„πªï 19851,2 ‚¥¬°“√»÷°…“√–¬–µàÕ¡“æ∫«à“ ‡ªìπ‡§√◊ËÕß¡◊Õ
∑’Ëª≈Õ¥¿—¬ ‰¡à∑”„ÀâºŸâ∂Ÿ°∑¥ Õ∫‡®Á∫ª«¥  “¡“√∂π”¡“„™â
ª√–‚¬™πå∑“ß°“√·æ∑¬å‰¥â„π 3 ·ßà¡ÿ¡∑’Ë ”§—≠ §◊Õ 1) „™â‡ªìπ
‡§√◊ËÕß¡◊Õ«‘®—¬æ◊Èπ∞“π∑“ßª√– “∑«‘∑¬“»“ µ√å 2) ‡ªìπ
‡§√◊ËÕß¡◊Õ∑’Ë™à«¬„π°“√«‘π‘®©—¬‚√§∑“ß√–∫∫ª√– “∑ ·≈–∑’Ë¡’
§«“¡ ”§—≠¡“°¢÷Èπ„πªí®®ÿ∫—π§◊Õ 3) ∫∑∫“∑∑“ß°“√√—°…“
‚√§∑“ß√–∫∫ª√– “∑3,4

Faraday §âπæ∫°“√‡°‘¥ π“¡·¡à‡À≈Á°‰øøÑ“À≈—ß®“°
ºà“π°√–· ‰øøÑ“‡¢â“‰ª„π¢¥≈«¥   π“¡·¡à‡À≈Á°‰øøÑ“∑’Ë‡°‘¥
¢÷Èπ “¡“√∂ àßºà“π‰ª∑’Ë¢¥≈«¥∑’Ë Õß·≈–‡Àπ’Ë¬«π”„Àâ‡°‘¥
°√–· ‰øøÑ“‰À≈‡«’¬π„π¢¥≈«¥∑’Ë Õß‰¥â ®“°æ◊Èπ∞“π°“√
‡Àπ’Ë¬«π”π’È‡Õß∑’Ë‡ªìπÀ≈—°°“√ ”§—≠¢Õß TMS °≈à“«§◊Õ °√–· 
‰øøÑ“∑’Ë‰À≈ºà“π¢¥≈«¥ ∑”„Àâ‡°‘¥ π“¡·¡à‡À≈Á°ºà“πµ—«°≈“ß
∑’Ë¡’§ÿ≥ ¡∫—µ‘‡Àπ’Ë¬«π”§◊Õ  ‡´≈≈åª√– “∑∑’Ë‡ªìπ‡ ¡◊Õπ¢¥≈«¥
‡Àπ’Ë¬«π”∑’Ë Õß  ∑”„Àâ‡°‘¥°√–· ‰øøÑ“‰À≈‡«’¬π¿“¬„π ¡Õß
‰¥â‚¥¬‰¡àµâÕßºà“π°√–· ‰øøÑ“‡¢â“ Ÿà ¡Õß‚¥¬µ√ß·≈–∑‘»∑“ß
¢Õß§≈◊Ëπ‡ªìπ‰ª„π·π« horizontal

°“√°√–µÿâπ¢Õß„¬ª√– “∑‡ªìπ‰ªµ“¡·π«¬“« ´÷Ëß∑”„Àâ
‡°‘¥ depolarization ºà“πµ≈Õ¥‡¬◊ËÕÀÿâ¡‡´≈≈å   à«π§«“¡ “¡“√∂
„π°“√∑”„Àâ‡°‘¥ depolarization ¢Õß‡´≈≈åª√– “∑¢÷Èπ°—∫Àπâ“∑’Ë
°“√°√–µÿâπ (activating function)5 ´÷Ëß®– àßºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å
‰ªµ“¡‡ âπª√– “∑ ·≈–À“°¡’°“√À—°À√◊ÕßÕ¢Õß‡ âπª√– “∑
°√–· §≈◊Ëπ°Á¬—ß§ß‡ªìπ‰ª‰¥â¥â«¬¥’  ‡¡◊ËÕ‡∑’¬∫°—∫ transcranial
electrical stimulation (TES)6,7

‡§√◊ËÕß¡◊Õ8

‡§√◊ËÕß°√–µÿâπª√– “∑¥â«¬ π“¡·¡à‡À≈Á°ª√–°Õ∫¥â«¬
Õÿª°√≥å ”§—≠ 2  à«π§◊Õ  à«π·√° ‡ªìπ high current pulse
generator ·≈– à«π∑’Ë Õß§◊Õ ¢¥≈«¥ (coil) ∑’Ë®–‡ªìπµ—«π”
§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“‡¢â“ Ÿà®ÿ¥°√–µÿâπ

‡§√◊ËÕß°”‡π‘¥°√–· ‰øøÑ“ (High current pulse
generator)8

‡§√◊ËÕß°”‡π‘¥°√–· ‰øøÑ“‡ªìπ à«π∑’Ë “¡“√∂ª≈àÕ¬
°√–· ‰øøÑ“‰¥â‡°‘π 5,000 ·Õ¡·ª√å ‚¥¬‡§√◊ËÕß°”‡π‘¥°√–· 
‰øøÑ“π’È¡’µ—«‡°Á∫ª√–®ÿ  ∑’Ë “¡“√∂§“¬ª√–®ÿ‚¥¬°“√§«∫§ÿ¡¢Õß
«ß®√‰øøÑ“ ·≈– àß°√–· ‰øøÑ“¥—ß°≈à“«‰ª Ÿà¢¥≈«¥ °√–· 
‰øøÑ“∑’Ëºà“π¢¥≈«¥®–∂Ÿ°‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
Õ¬à“ß√«¥‡√Á«¿“¬„π‡«≈“ millisecond (ms) ·≈–®–∑”„Àâ‡°‘¥

§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ ´÷Ëß®–‡Àπ’Ë¬«π”‡π◊ÈÕ‡¬◊ËÕª√– “∑ ‚¥¬
°√–· π’È®–‰À≈‰ª„π∑‘»∑“ßµ√ß¢â“¡°—∫¢¥≈«¥ „π√–π“∫
∑’Ë¢π“π°—∫¢¥≈«¥ ·≈–‡ªìπ°“√°√–µÿâπ„π·π« horizontal ¢Õß
cortical fiber ´÷Ëßµà“ß®“°°“√°√–µÿâπ¥â«¬‰øøÑ“ºà“π°–‚À≈°
∑’Ë‡ªìπ°“√°√–µÿâπ„π·π« vertical

¢¥≈«¥8,9

‡ªìπ¢¥≈«¥‡Àπ’Ë¬«π”∑’Ë°àÕ„Àâ‡°‘¥ π“¡·¡à‡À≈Á°‰øøÑ“
§«“¡·√ßª√–¡“≥ 1.5-2 tesla ‡ªìπ™à«ß —ÈπÊ ª√–¡“≥ 1 ms

¢¥≈«¥∂Ÿ°ÕÕ°·∫∫„Àâ¡’√Ÿª√à“ß ·≈–≈—°…≥–∑’Ë·µ°µà“ß°—π
‡æ◊ËÕæ◊Èπ∞“π°“√„™âß“π∑’Ëµà“ß°—πÕÕ°‰ª ‰¥â·°à

- ¢¥≈«¥°≈¡ (circular coil) ¡’¢π“¥·µ°µà“ß°—π
‚¥¬‡¡◊ËÕ«—¥®“°¢Õ∫πÕ° ®–¡’§«“¡°«â“ß 8-15 ‡´πµ‘‡¡µ√
°“√°√–µÿâπ®–¡“°∑’Ë ÿ¥∫√‘‡«≥®ÿ¥°÷Ëß°≈“ß¢Õß¢¥≈«¥¥â“π„π
¢¥≈«¥°≈¡π’Èπ‘¬¡„™â„π°√≥’∑’ËµâÕß°“√°√–µÿâπ„π∫√‘‡«≥°«â“ß
‰¡à®”‡æ“–®ÿ¥„¥®ÿ¥Àπ÷Ëß ·≈–°“√°√–µÿâππ’È·∑√°‡¢â“‰ª¬—ß®ÿ¥
°√–µÿâπ™—Èπ≈÷°‰¥â‰¡à§àÕ¬¥’π—°

- ¢¥≈«¥‡≈¢·ª¥ (figure of eight coil) ¡’≈—°…≥–‡ªìπ
¢¥≈«¥°≈¡ Õß«ß¡“™‘¥°—π °“√°√–µÿâπ®–¡“°∑’Ë ÿ¥∫√‘‡«≥
°÷Ëß°≈“ß¢Õß¢¥≈«¥∑—Èß Õß¡“æ∫°—π ®–„™â„π°√≥’¢Õß
°“√°√–µÿâπ∑’Ë®”‡æ“–®ÿ¥„¥®ÿ¥Àπ÷Ëß ·≈–°“√°√–µÿâππ’È·∑√°
‡¢â“‰ª¬—ß®ÿ¥°√–µÿâπ™—Èπ≈÷°‰¥â¥’°«à“¢¥≈«¥°≈¡ ‚¥¬ª°µ‘
„π∑“ß§≈‘π‘° ·≈–°“√«‘®—¬π‘¬¡„™â¢¥≈«¥‡≈¢·ª¥

- ¢¥≈«¥√Ÿª°√«¬ (cone coil)  ¡’≈—°…≥–§≈â“¬¢¥≈«¥
‡≈¢·ª¥  ·µà¡’§«“¡πŸπ¢÷Èπ¡“‡æ◊ËÕ„Àâ‡°‘¥§«“¡°√–™—∫°—∫»’√…–
¡“°¢÷Èπ  à«π„À≠à®–„™â„π°“√°√–µÿâπ»’√…–∫√‘‡«≥ vertex
‡æ◊ËÕ„Àâ°“√°√–µÿâπ ≈ß Ÿà™—Èπ≈÷°„Àâ¡“°∑’Ë ÿ¥

ªí®®ÿ∫—π¡’°“√ÕÕ°·∫∫¢¥≈«¥Õ◊ËπÊ Õ’°¡“°¡“¬ ‰¥â·°à
¢¥≈«¥™π‘¥‡¬Áπ (cool coil) ¢¥≈«¥°√–µÿâπª≈Õ¡ (sham coil)

·µàÕ¬à“ß‰√°Á¥’§«“¡·√ß¢Õß π“¡·¡à‡À≈Á°‰øøÑ“∑’Ë‡°‘¥¢÷Èπ
®“°°“√°√–µÿâππ—Èπ®–¢÷Èπ°—∫ªí®®—¬À≈“¬Õ¬à“ß ‰¥â·°à  æ≈—ßß“π
¢Õß°√–· ‰øøÑ“∑’Ëª≈àÕ¬ÕÕ°¡“  §«“¡‡√Á«¢Õß°“√ª≈àÕ¬ª√–®ÿ
‰øøÑ“·≈–≈—°…≥–¢π“¥¢Õß¢¥≈«¥

 π“¡·¡à‡À≈Á° “¡“√∂∑–≈ÿºà“π‡π◊ÈÕ‡¬◊ËÕ·≈–°√–¥Ÿ°‰¥â
Õ¬à“ßÕ‘ √– ·µà‡¡◊ËÕºà“π‡π◊ÈÕ‡¬◊ËÕª√– “∑  π“¡·¡à‡À≈Á°
®–‡Àπ’Ë¬«π”‡π◊ÈÕ‡¬◊ËÕª√– “∑ „Àâ‡°‘¥°√–· ‰øøÑ“¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ
ª√– “∑Õ’°§√—Èß

§«“¡·√ß¢Õß π“¡·¡à‡À≈Á°®–≈¥≈ßµ“¡√–¬–∑“ß∑’Ë
‡æ‘Ë¡¢÷Èπ °≈à“«§◊Õ ∑’Ëµ”·Àπàß¢Õß¢¥≈«¥ ¡’§«“¡·√ß¢Õß π“¡
·¡à‡À≈Á°ª√–¡“≥ 2 tesla ·≈–§«“¡·√ßπ’È®–≈¥≈ß‡À≈◊Õ 0.5
tesla ∑’Ë∫√‘‡«≥ cortex  ‡§√◊ËÕß¡◊Õ∑’Ëæ—≤π“¢÷Èπ„πªí®®ÿ∫—π “¡“√∂
 √â“ß π“¡·¡à‡À≈Á°°√–µÿâπ´È”Ê ∑’Ë§«“¡∂’Ë∂÷ß 100 ‡Œ‘√µ´å
·≈–¡’™à«ßÀà“ß√–À«à“ß°“√°√–µÿâπ‡æ’¬ß 1 ms
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™π‘¥¢Õß°“√°√–µÿâπ·≈–ª√–‚¬™πå∑’Ëπ”¡“„™â
1. Single pulse TMS8

‡ªìπ°“√„Àâ§≈◊Ëπ°√–µÿâπ‡æ’¬ßÀπ÷ËßÀ√◊Õ Õß§√—Èß∑’Ë∑”„Àâ
‡°‘¥°“√¥’‚æ≈“‰√‡´™—Ëπ¢Õß‡´≈≈åª√– “∑ ´÷ËßÀ“°„™â°√–µÿâπ∑’Ë
primary motor cortex ®–‡Àπ’Ë¬«π”„Àâ‡°‘¥ motor evoke
potential (MEP) ‚¥¬ “¡“√∂∫—π∑÷°¥â«¬ electromyography
(EMG) ·≈–À“°°√–µÿâπ∑’Ë occipital cortex ®–‡Àπ’Ë¬«π”„Àâ‡°‘¥
°“√‡ÀÁπ· ß«“∫ (phosphenes) ¢ÕßºŸâ∂Ÿ°°√–µÿâπ

°“√°√–µÿâπ ¡Õß à«π∑’ËπÕ°‡Àπ◊Õ®“°π’È ºŸâ∂Ÿ°°√–µÿâπ
®–‰¡à√—∫√Ÿâ∂÷ß°“√‡ª≈’Ë¬π·ª≈ß„¥Ê Õ“®®–¡’∫â“ß∑’Ëµ√«®æ∫«à“
ªØ‘°‘√‘¬“µÕ∫ πÕß¢Õß cognitive task ≈¥≈ß À√◊Õµ√«®æ∫
§«“¡‡ª≈’Ë¬π·ª≈ß¢Õß°‘®°√√¡„π ¡Õß‚¥¬ Positron Emission
Tomography À√◊Õ fMRI

2. Paired pulse TMS
‡ªìπ°“√µ√«®°≈‰° intracortical inhibition ·≈– facilitation

‚¥¬°≈‰°‡À≈à“π’È “¡“√∂µ√«®‚¥¬„™â°“√°√–µÿâπ§√—Èß·√°
(conditioning stimulus) ¥â«¬ subthreshold intensity ·≈–°√–µÿâπ
§√—Èß∑’Ë Õß  (test stimulus) ¥â«¬ suprathreshold intensity
§«“¡Àà“ß√–À«à“ß ‘Ëß°√–µÿâπ∑—Èß Õß (interstimulus interval)
1-20 ms ·≈–°√–µÿâπ¥â«¬ TMS coil Õ—π‡¥’¬«°—π «‘∏’°√–µÿâππ’È
§√—Èß·√°„™â»÷°…“„π motor cortex10 ·µà°Á “¡“√∂®–π”‰ª
ª√–¬ÿ°µå„™â„π non motor area °Á‰¥â11

º≈¢Õß°“√°√–µÿâπ·∫∫ paired pulse π’È  ¢π“¥¢Õß MEP
®–¢÷Èπ°—∫§«“¡·√ß¢Õß°“√°√–µÿâπ (stimulus intensity) ·≈–
§«“¡Àà“ß√–À«à“ß°“√°√–µÿâπ

°“√¬—∫¬—Èß Ÿß ÿ¥æ∫∑’Ë§«“¡Àà“ß√–À«à“ß°“√°√–µÿâπ∑’Ë
1-4 ms ·≈–§«“¡·√ß¢Õß°“√°√–µÿâπ§√—Èß·√°√âÕ¬≈– 60-80
¢Õß resting motor threshold  MEP  Ÿß ÿ¥¢Õß inhibition ∑—Ë«‰ª
§◊Õ √âÕ¬≈– 20-40 ¢Õß test MEP9,12 ‚¥¬°≈‰°°“√¬—∫¬—Èß
‡™◊ËÕ«à“∂Ÿ°§«∫§ÿ¡‚¥¬ GABA A receptor ‡π◊ËÕß®“°‡¡◊ËÕ‰¥â√—∫
GABA A agonist ‡™àπ benzodiazepine ®–æ∫ intracortical
inhibition  Ÿß¢÷Èπ

Facilitatory effect æ∫∑’Ë§«“¡Àà“ß√–À«à“ß°“√°√–µÿâπ∑’Ë
7-20 ms §«“¡‡¢â¡¢Õß facilitation ®–·µ°µà“ß‰ª„π·µà≈–
∫ÿ§§≈ §◊ÕÕ¬Ÿà√–À«à“ß√âÕ¬≈– 120-300 ¢Õß test MEP9,13 ‚¥¬
°≈‰°°“√ facilitate ‡™◊ËÕ«à“∂Ÿ°§«∫§ÿ¡‚¥¬ NMDA receptor
‡π◊ËÕß®“°‡¡◊ËÕ‰¥â√—∫ NMDA antagonist ‡™àπ memantine ®–æ∫
intracortical facilitation ≈¥≈ß

¬‘Ëß°«à“π—Èπ¬“∑’Ë¡’º≈µàÕ√–∫∫ª√– “∑µà“ßÊ ‰¥â·°à
dopamine, norepinephrine, serotonin, ·≈– acetylcholine
¡’º≈µàÕ intracortical inhibition ·≈– intracortical facilitation

§«“¡‡¢â¡¢Õß°“√ inhibit À√◊Õ facilitate ·ª√µ“¡
amplitude ¢Õß test MEP ·≈–√–¥—∫°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ

´÷Ëß‡ªìπµ—«·ª√∑’Ë ”§—≠∑’Ë ÿ¥∑’Ë§«∫§ÿ¡ paired pulse TMS
paired pulse TMS  “¡“√∂„™âµ√«®¬◊π¬—π∂÷ß√–¥—∫

¬“∑’ËÕÕ°ƒ∑∏‘ÏµàÕ√–∫∫ª√– “∑ à«π°≈“ß ‰¥â·°à ¬“°—π™—°
¬“∑’Ë√—°…“‚√§∑“ß®‘µ‡«™  ‚¥¬ª√—∫„Àâ‡À¡“– ¡°—∫ºŸâªÉ«¬
·µà≈–‚√§·≈–·µà≈–√“¬ ‚¥¬µ√«® Õ∫∂÷ß inhibitory effect
‡ªìπ ”§—≠14,15

πÕ°®“°π’È paired pulse TMS ¬—ß∂Ÿ°„™â‡æ◊ËÕ»÷°…“
æ¬“∏‘ √’√«‘∑¬“¢Õß‚√§∑“ß√–∫∫ª√– “∑·≈–‚√§∑“ß®‘µ‡«™
À≈“¬‚√§15-19  ‰¥â·°à  °“√æ∫ paired pulse curve ∑’Ëº‘¥ª°µ‘
„πºŸâªÉ«¬ dystonia ·≈– idiopathic Parkinsonûs disease
·≈–¬‘Ëß°«à“π—Èπ ¬—ßæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß paired pulse
curve „π‚√§∑’Ë¬—ß‰¡à∑√“∫æ¬“∏‘ ¿“æ„π motor cortex
‡™àπ schizophrenia, depression À√◊Õ obsessive-compulsive
disorder ¥—ßπ—Èπ®÷ß‡ªìπª√–‡¥Áπ∑’Ë§«√®–æ‘®“√≥“∑’Ë®–∑”°“√
»÷°…“„π√“¬≈–‡Õ’¬¥µàÕ‰ª«à“ paired pulse curve  “¡“√∂
„™â‡ªìπ prognostic factor ∑’Ë¥’ ”À√—∫‚√§∑“ß√–∫∫ª√– “∑
·≈–®‘µ‡«™‰¥âÀ√◊Õ‰¡à20-22

°“√µ√«®ªØ‘ —¡æ—π∏å√–À«à“ß ¡Õß Õß ’́°23,26

paired pulse TMS  “¡“√∂π”‰ªª√–¬ÿ°µå„™â ‚¥¬
°√–µÿâπ ¡Õß§π≈–´’° π—°«‘™“°“√∫“ß∑à“π®–‡√’¬°«‘∏’π’È«à“
double TMS ‚¥¬°“√°√–µÿâπ§√—Èß·√°„™â suprathreshold
intensity „π motor cortex ´’°Àπ÷Ëß „™â§«“¡Àà“ß√–À«à“ß
°“√°√–µÿâπ 4-30 ms ·≈â«°√–µÿâπ ¡ÕßÕ’°´’°

°“√∑¥ Õ∫‡™àππ’È‡ªìπ°“√µ√«® interhemispheric
interaction ·≈– transcallosal conduction times °“√∑¥ Õ∫
‡™àππ’È∑”§√—Èß·√°‚¥¬ Ferbert ·≈–§≥–25 ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“
7-15 ms À≈—ß„™â suprathreshold TMS µàÕ motor cortex
¥â“πÀπ÷Ëß ·≈â«∑”„Àâ cortical excitability ¢Õß¥â“πµ√ß¢â“¡≈¥≈ß
interhemispheric interaction π’È‰¥â√—∫Õ‘∑∏‘æ≈®“° intensity
¢Õß conditioning TMS ¬‘Ëß¡“°¬‘Ëß∑”„Àâ‡°‘¥ interhemispheric
inhibition  Ÿß ¥—ßπ—Èπ „π§π∑’Ë∂π—¥¢«“ interhemispheric
inhibition ®–°¥ ¡Õß´’°¢«“¡“°°«à“ «‘∏’°“√¥—ß°≈à“«π’È∑”„Àâ
π”‰ª Ÿà°“√»÷°…“ interhemispheric

interaction „πºŸâªÉ«¬ movement disorder ‰¥â·°à„πºŸâªÉ«¬
cortical myoclonus · ¥ß„Àâ‡ÀÁπ«à“‰¡à¡’ªØ‘ —¡æ—π∏å¢Õß
 ¡Õß Õß´’° ´÷Ëß™’È„Àâ‡ÀÁπ∂÷ßº≈¢Õß transcallosal À√◊Õ cortical
inhibitory interneuron  à«π„πºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß
æ∫«à“ ¡’°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕ‘∑∏‘æ≈¢Õß interhemispheric
interaction ´÷Ëß®–°≈à“«‚¥¬≈–‡Õ’¬¥„πÀ—«¢âÕ°“√„™â TMS
„π‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß

3. Repetitive TMS (rTMS)26

‡ªìπ°“√„Àâ§≈◊Ëπ°√–µÿâπ´È”Ê ·≈–∑”„Àâ‡°‘¥º≈∑’Ëπ“π°«à“
°“√°√–µÿâπ§√—ÈßÀ√◊Õ Õß§√—Èß  ‚¥¬ rTMS ®– “¡“√∂‡æ‘Ë¡
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À√◊Õ≈¥ corticospinal À√◊Õ corticocortical pathway °Á‰¥â ¢÷Èπ°—∫
§«“¡·√ß¢Õß°“√°√–µÿâπ °“√«“ß¢¥≈«¥°√–µÿâπ ·≈–§«“¡∂’Ë
¢Õß°“√°√–µÿâπ ‚¥¬°≈‰°∑’Ë¬—ß‰¡à∑√“∫·πà™—¥π—° ·µà‡™◊ËÕ°—π«à“
∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ßº≈¢Õß®ÿ¥ª√– “πª√– “∑ µàÕ long
term potentiation (LTD) ‚¥¬§«“¡·√ß·≈–§«“¡∂’Ë¬‘Ëß Ÿß ¬‘Ëß¡’
º≈µàÕ ¡Õß¡“°

rTMS §«“¡∂’ËµË” À¡“¬∂÷ß §«“¡∂’Ëµ—Èß·µà 1 ‡Œ‘√µ´å≈ß‰ª
¡’º≈°¥°“√°√–µÿâπ°“√∑”ß“π¢Õß ¡Õß (suppress excitability)
 à«π rTMS §«“¡∂’Ë Ÿß À¡“¬∂÷ß §«“¡∂’Ë‡°‘π 1 ‡Œ‘√µ´å¢÷Èπ‰ª
®–¡’º≈°√–µÿâπ°“√∑”ß“π¢Õß ¡Õß (cortical excitability)
‚¥¬º≈°“√°√–µÿâππ’È¡’§«“¡·µ°µà“ß°—π‰ª√–À«à“ß∫ÿ§§≈  ·≈–
°“√„™â  rTMS §«“¡∂’ËµË” º≈¡—°®–Õ¬Ÿàπ“π°«à“

¡’À≈“¬°“√»÷°…“„π¡πÿ…¬å∑’Ë„™â rTMS √à«¡°—∫ functional
neuroimaging (MRI and PET) ´÷Ëß “¡“√∂µ√«® Õ∫‰¥â«à“
º≈¢Õß rTMS §«“¡∂’ËµË”‰ª≈¥ cerebral blood flow ·≈–
‡¡µ“∫Õ≈‘´÷¡ ¢Õß ¡Õß à«π„¥ ·≈– rTMS §«“¡∂’Ë Ÿß‰ª‡æ‘Ë¡
cerebral blood flow ·≈–‡¡µ“∫Õ≈‘´÷¡¢Õß ¡Õß à«π„¥

ª√“°Ø°“√≥å§≈â“¬Ê °—ππ’È ‰¥â∂Ÿ°»÷°…“‚¥¬°“√„™â
rTMS „π ¡Õß à«πÕ◊ËπÊ ‰¥â·°à frontal eye field dorsolateral
prefrontal cortex  Õ¬à“ß‰√°Á¥’‡¡◊ËÕ‰√°Áµ“¡∑’Ë„Àâ rTMS §«“¡∂’Ë
µË”°«à“ motor threshold ®–‰¡à “¡“√∂µ—¥º≈¢Õß reafference
®“°‰¢ —πÀ≈—ß„π¿“æ¢Õß neuroimaging ÕÕ°‰ª‰¥â

·µàÕ¬à“ß‰√°Áµ“¡°“√„™â rTMS √à«¡°—∫ functional
neuroimaging ‡ªìπ ‘Ëß∑’Ë¡’ª√–‚¬™πå¡“°∑’Ë ÿ¥„π°“√»÷°…“
°“√‡™◊ËÕ¡‚¬ß°—π∑“ßÀπâ“∑’Ë¢Õß√–∫∫ª√– “∑ (functional
connectivity) „π ¡Õß¢Õß¡πÿ…¬å ·≈–¬‘Ëß‰ª°«à“π—Èπ°“√„™â
rTMS √à«¡°—∫ PET À√◊Õ magnetic resonance spectroscopy
Õ“®°≈“¬‡ªìππ«µ°√√¡∑’Ë “¡“√∂„™âµ√«®Àπâ“∑’Ë¢Õß “√‡§¡’
„π√–∫∫ª√– “∑„π§πª°µ‘·≈–„πºŸâªÉ«¬‰¥â

°≈‰°°“√ÕÕ°ƒ∑∏‘Ï¢Õß TMS
°≈‰°°“√ÕÕ°ƒ∑∏‘Ïπ—Èπ¬—ßÕ¬Ÿà „π√–À«à“ß°“√»÷°…“

´÷Ëß¡’√“¬ß“π«à“ rTMS ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß«ß®√
ª√– “∑ ·≈–≈¥°“√∑”ß“π¢Õß√–∫∫ hypothalamic-pituitary-
adrenocortical system °“√‡ª≈’Ë¬π·ª≈ß¥—ß°≈à“«πà“®–¡“
®“°°“√ª√—∫‡ª≈’Ë¬π°“√∑”ß“π¢Õß neurotransmitter/
neuromodulator, transsynaptic efficiency, signaling pathways
·≈– gene transcription12 °≈‰°°“√ÕÕ°ƒ∑∏‘Ï„π°“√ª√—∫‡ª≈’Ë¬π
cortical excitability ®“° rTMS ¬—ß§ß‰¡à∑√“∫·πà™—¥ ·µà°≈‰°
∑’Ëπà“®–‡ªìπ‰ª‰¥â„π°“√„™â rTMS §«“¡∂’Ë Ÿß§◊Õ°“√∑”„Àâ‡°‘¥
long term potentiation ¢Õß cortical synapse  à«π°≈‰°∑’Ëπà“
®–‡ªìπ‰ª‰¥â„π°“√„™â rTMS §«“¡∂’ËµË”§◊Õ°“√∑”„Àâ‡°‘¥
°“√°¥°“√∑”ß“π¢Õß cortical synapse ·≈–®“°°“√»÷°…“

„π —µ«å∑¥≈Õßæ∫«à“¡’°“√ª√—∫‡ª≈’Ë¬π “√ ◊ËÕª√– “∑·≈–
‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß®’π (gene induction)
´÷Ëßº≈¥—ß°≈à“«π’È Õ“® àß„Àâº≈°“√°√–µÿâπ¢Õß rTMS Õ¬Ÿà‰¥âπ“π

¢âÕÀâ“¡„π°“√√—°…“¥â«¬ TMS1

1. Intracranial metallic À√◊Õ magnetic pieces  π“¡
·¡à‡À≈Á° “¡“√∂‡Àπ’Ë¬«π”«—µ∂ÿ∑’Ë‡ªìπ‚≈À–  °àÕ„Àâ‡°‘¥·√ß°√–∑”
µàÕ‚§√ß √â“ß ¡Õß‚¥¬√Õ∫«—µ∂ÿπ—Èπ‰¥â

2. Pacemakers À√◊Õ‡§√◊ËÕß¡◊Õ∑’ËΩíßÕ¬Ÿà„π√à“ß°“¬    π“¡
·¡à‡À≈Á°®–√∫°«π°“√∑”ß“π¢Õß«ß®√‰øøÑ“¢Õß‡§√◊ËÕß
‡À≈à“π—Èπ‰¥â

°“√„™â rTMS „π°“√√—°…“‚√§26

¥—ß∑’Ë‰¥â°≈à“«‰«â·≈â««à“°≈‰°°“√ª√—∫‡ª≈’Ë¬π cortical
excitability ‚¥¬ rTMS ‰¡à‰¥â®”°—¥Õ¬Ÿà‡©æ“–„π motor cortex
¡’À≈—°∞“π∑’Ë· ¥ß«à“ rTMS  “¡“√∂‡Àπ’Ë¬«π” ¡Õß∑’ËÕ¬Ÿà
πÕ°∫√‘‡«≥ motor cortex ·≈– —¡æ—π∏å°—∫æƒµ‘°√√¡µà“ßÊ
√«¡∑—Èß visual, prefrontal, parietal ·≈– cerebellum °“√§âπæ∫
π’È∑”„Àâπ÷°∂÷ß§«“¡‡ªìπ‰ª‰¥â∑’Ë®–π” rTMS ¡“ª√–¬ÿ°µå„™â
„π°“√√—°…“‚√§ ‚¥¬°“√ª√—∫≈¥À√◊Õ‡æ‘Ë¡ cortical excitability
„π‚√§¥—ß°≈à“«„Àâ°≈—∫¡“ Ÿà¿“«–ª°µ‘  ´÷Ëß°Á¡’º≈°“√»÷°…“
∑’Ë„Àâ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫°“√„™â rTMS „π°“√√—°…“‚√§‰¥â¥’ ·µà°Á
‰¡à¡’°“√»÷°…“‡™◊ËÕ¡‚¬ß∂÷ßº≈¢Õß rTMS ‰ª∑”„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ßÕ¬à“ß‰√µàÕ “‡Àµÿ¢Õß‚√§ ¥—ßπ—Èπ®÷ß§«√∑’Ë
®–¡’°“√»÷°…“∂÷ßæ◊Èπ∞“π∑“ß √’√«‘∑¬“¢Õß°“√„™â rTMS
„Àâ¡“°°«à“π’È ·≈–π”‰ª Ÿà°“√«‘®—¬∑“ß§≈‘π‘°∑’Ë¡’°≈ÿà¡§«∫§ÿ¡
·≈–¡’§ÿ≥¿“æ¥’

°“√„™â rTMS ‡æ◊ËÕ√—°…“ depression ‡ªìπ°“√»÷°…“
∑’Ë≈–‡Õ’¬¥ §√Õ∫§≈ÿ¡∑’Ë ÿ¥¢Õß°“√»÷°…“°“√„™â rTMS
„π∑“ß§≈‘π‘° æ∫º≈°“√√—°…“∑’Ë‰¥âº≈√âÕ¬≈– 40 ¢ÕßºŸâªÉ«¬
depression ∑’Ë‰¡àµÕ∫ πÕßµàÕ¬“ ∑—Èß°“√„Àâ rTMS §«“¡∂’Ë Ÿß
∑’Ë left dorsolateral prefrontal cortex ·≈–°“√„Àâ rTMS §«“¡∂’Ë
µË”∑’Ë right dorsolateral prefrontal cortex  “¡“√∂∑”„ÀâÕ“°“√
¢Õß depression ¥’¢÷Èπ∑—Èß§Ÿà Kimbrell ·≈–§≥–27 ™’È„Àâ‡ÀÁπ«à“
ºŸâªÉ«¬∑’Ë¡’°“√≈¥‡¡µ“∫Õ≈‘´÷¡¢Õß ¡Õß Õ“®®–µÕ∫ πÕß
µàÕ rTMS §«“¡∂’Ë Ÿß „π¢≥–∑’ËºŸâªÉ«¬∑’Ë¡’°“√‡æ‘Ë¡‡¡µ“∫Õ≈‘́ ÷¡
¢Õß ¡Õß Õ“®®–µÕ∫ πÕßµàÕ rTMS §«“¡∂’ËµË”

Pascual-Leone ·≈–§≥–28 ‡ªìπºŸâ√“¬ß“π§π·√°‡°’Ë¬«°—∫
°“√„™â rTMS §«“¡·√ß‡∑à“°—∫ submotor threshold §«“¡∂’Ë Ÿß
5 ‡Œ‘√µ´å µàÕ motor cortex ¢ÕßºŸâªÉ«¬ Parkinson 5 √“¬ ·≈–
æ∫«à“Àπâ“∑’Ë¢Õß¡◊Õ¢â“ßµ√ß¢â“¡°—∫∑’Ë∂Ÿ°°√–µÿâπ¥’¢÷Èπ ‚¥¬¡’
‡Àµÿº≈∑’Ë™’È·®ß‰¥â Õßª√–°“√§◊Õ 1) ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß cortical
excitability µàÕ thalamocortical drive ´÷Ëß„π‚√§ Parkinson
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π’È‡™◊ËÕ«à“¢“¥ cortical excitability µàÕ thalamocortical drive
·≈– 2) ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß°“√‡¡µ“∫Õ≈‘´÷¡¢Õß
catecholamine ∑’Ë subcortical area ºà“π cortical stimulation
 à«π Strafella ·≈–§≥–29 · ¥ß„Àâ‡ÀÁπ«à“°“√°√–µÿâπ¥â«¬ rTMS
µàÕ prefrontal cortex   “¡“√∂‡æ‘Ë¡√–¥—∫ dopamine „π caudate
nucleus ‰¥â ·µàÕ¬à“ß‰√°Á¥’ ¡’À≈“¬°“√»÷°…“∑’Ë‰¡à· ¥ß∂÷ßº≈
∑’Ëπà“æÕ„®

À≈—ß®“°∑’Ë‰¥â¡’°“√»÷°…“∑“ß √’√«‘∑¬“ µàÕß“π∑’Ë®”‡æ“–
µàÕ dystonia æ∫«à“¡’§«“¡‰«µàÕ°“√°√–µÿâπ¡“°‡°‘π„π motor
cortex À√◊Õ¡’§«“¡≈â¡‡À≈«µàÕ intracortical inhibition π—Èπ
‰¥â¡’ß“π«‘®—¬∑’Ë„™â rTMS §«“¡∂’Ë 1 ‡Œ‘√µ´å °√–µÿâπ∑’Ë motor
cortex ‡ªìπ‡«≈“ 30 π“∑’„™â√—°…“ºŸâªÉ«¬∑’Ë¡“¥â«¬Õ“°“√‡°√Áß
‡¡◊ËÕ‡¢’¬π (writerûs cramp) °“√¥’¢÷Èπ®“°¿“«–¢“¥ intracortical
inhibition §ßÕ¬ŸàÀ≈—ß°√–µÿâπ Ÿß ÿ¥§◊Õ 3 ™—Ë«‚¡ß ·≈–º≈°“√
√—°…“∑’Ë¥’π’Èæ∫„πºŸâªÉ«¬ 2 ®“° 16 √“¬

°“√»÷°…“„πºŸâªÉ«¬ tic disorder æ∫«à“¡’§«“¡‰«µàÕ
°“√°√–µÿâπ¡“°‡°‘π„π motor cortex ‡™àπ‡¥’¬«°—∫ dystonia
°“√„™â rTMS §«“¡∂’Ë 1 ‡Œ‘√µ´å °√–µÿâπ∑’Ë motor cortex
 “¡“√∂≈¥§«“¡∂’Ë¢Õß°“√‡°‘¥ tic ‰¥â ·µàº≈π’ÈÕ¬Ÿà·∫∫™—Ë«§√“«

¡’À≈“¬°“√»÷°…“∑’Ëæ¬“¬“¡„™â rTMS §«“¡∂’ËµË”„π°“√
√—°…“‚√§µà“ßÊ ‰¥â·°à intractable seizure, cortical myoclonus
·≈– abnormal movement ·µà∑”„πºŸâªÉ«¬®”π«ππâÕ¬¡“°
·≈–‚¥¬‡Àµÿº≈·≈â« rTMS  “¡“√∂π”¡“ª√–¬ÿ°µå„™â√—°…“
spasticity, neurogenic pain, schizophrenia ‚¥¬Õ“°“√µà“ßÊ
∑’Ë‡°‘¥¢÷ÈπÕ“®À“¬‰¥â®“°°“√„™â rTMS ‰ª°¥°“√‡æ‘Ë¡¢÷Èπ¢Õß
cortical excitability

º≈°“√„™â rTMS À≈—ß‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß Õ“®‡°‘¥
®“° rTMS ‰ª°¥ maladaptive cortical plasticity ·≈–‡æ‘Ë¡
adaptive cortical plasticity ‡æ◊ËÕ àß‡ √‘¡°“√øóôπøŸ ¿“æºŸâªÉ«¬
°“√»÷°…“¥â«¬ functional imaging À≈—ß‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥
 ¡Õß · ¥ß„Àâ‡ÀÁπ°“√‡æ‘Ë¡¢÷Èπ¢Õß°‘®°√√¡ ¡Õß´’°ª°µ‘ ·µà
∫∑∫“∑π’È¬—ß‡ªìπ∑’Ë‚µâ·¬âß ∫“ß°“√∑¥≈Õß∑’Ë°√–µÿâπ ¡Õß´’°
ª°µ‘ “¡“√∂ àßº≈„Àâ‡°‘¥°“√æ—≤π“ cortical reorganization ∑’Ë
∑”„Àâ‡°‘¥°“√øóôπøŸ ¿“æ∑’Ë¥’  ·µà∫“ß°“√»÷°…“„Àâº≈∑’Ë°≈—∫°—π
Õ“°“√µà“ßÊÀ≈—ß‡°‘¥°“√∑”≈“¬ ¡Õß‡°‘¥®“° ¡Õß à«π∑’Ë
∂Ÿ°∑”≈“¬¡“°°«à“°“√‡ª≈’Ë¬π·ª≈ß¢Õß°‘®°√√¡ ¡ÕßΩíòß
µ√ß¢â“¡ °“√≈–‡≈¬√à“ß°“¬´’°µ√ß¢â“¡°—∫√Õ¬‚√§À≈—ß‡°‘¥
‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß ‰¡à‰¥â‡°‘¥®“°√Õ¬‚√§ ·µà‡°‘¥°“√
∑”ß“π¡“°‡°‘π®“° ¡Õß´’°ª°µ‘ °“√„Àâ rTMS 1 ‡Œ‘√µ´å ∑’Ë
 ¡Õß à«π parietal lobe ‡æ◊ËÕ°¥°“√°√–µÿâπ¢Õß ¡Õß´’°∑’Ë¥’
 “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√√—°…“Õ“°“√≈–‡≈¬√à“ß°“¬
´’°µ√ß¢â“¡À≈—ß‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß‰¥â

Naeser ·≈–§≥–30 ‰¥â· ¥ß„Àâ‡ÀÁπ«à“ °“√„Àâ rTMS
1 ‡Œ‘√µ´å ∑’Ë right Brodmannûs area 45 (´÷Ëß‡ªìπ ¡Õß à«π∑’Ë

∂Ÿ°µ—Èß ¡¡ÿµ‘∞“π«à“‡ªìπ∫√‘‡«≥∑’Ë over activated) „πºŸâªÉ«¬
Brocaûs aphasia Õ“®®–∑”„Àâ§«“¡ “¡“√∂„π°“√∫Õ°™◊ËÕ¢Õß
 ‘Ëß¢Õß‰¥â¥’¢÷Èπ ·µàº≈¥—ß°≈à“«π’ÈÕ¬Ÿà·∫∫™—Ë«§√“«·≈–‰¡à¥’æÕ
∑’Ë®–π”‰ª„™â„π°“√√—°…“

 √ÿª

TMS ‡ªìπ‡§√◊ËÕß¡◊Õ∑“ß°“√·æ∑¬å∑’Ë∂Ÿ°„™â¡“‡ªìπ‡«≈“
20 ªï ¡“·≈â« ·≈–‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√∑”«‘®—¬∑“ßª√– “∑
«‘∑¬“»“ µ√å TMS ‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë¡’ª√– ‘∑∏‘¿“æ∑—Èß„π¥â“π
°“√«‘π‘®©—¬·≈–¥â“π°“√√—°…“ °“√»÷°…“«‘®—¬∑“ß¥â“ππ’È¡’
‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ·µà°Á¬—ß‰¡à¡“°æÕ∑’Ë®–√«∫√«¡ß“π«‘®—¬∑’Ë¡’
«‘∏’°“√∑¥≈Õß·≈–º≈°“√∑¥≈Õß®–‡ªìπ‰ª„π∑“ß‡¥’¬«°—π
‡æ◊ËÕ®–π”¡“„™â√—°…“„πÀ≈“¬Ê ‚√§‰¥â
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