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ÙĞćîĞć 

ÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąÝčé đðŨîĀĆêëÖćøĀîċęÜìĊęĔßšøĆÖþćÙüćöđÝĘïðüéÝćÖÖćøĂĆÖđÿï

×ĂÜÖúšćöđîČĚĂ đĂĘî Ēúą×šĂ ēé÷îć÷Ēóì÷Ť �$/(5 �:4$9 đöČęĂ ó�ý� 	��� ðŦÝÝčïĆîĀĆêëÖćøîĊĚëĎÖ

îĞćöćĔßšöćÖ×ċĚîēé÷ÖúčŠöĒóì÷Ť ñĎšĔĀšÖćøøĆÖþćÙüćöđÝĘïðüé×ĂÜøąïïÖøąéĎÖēÙøÜÿøšćÜ ĒúąÖúšćöđîČĚĂ
ìĊęðøąÿïðŦâĀćÖćøøĆÖþćìĊęĕöŠêĂïÿîĂÜéšü÷Öć÷õćóïĞćïĆé ĒúąÖćøĔßš÷ćÖúčŠö �����5 ĂĊÖìĆĚÜÖćø

øĆïðøąìćî÷ćđðŨîđüúćîćîìĞćĔĀšđÖĉéðŦâĀćêŠĂøąïïìćÜđéĉîĂćĀćøđßŠî ĒñúĔîÖøąđóćąĂćĀćøĒúą 
úĞćĕÿš ïćÜøć÷ÖøąđóćąĂćĀćøìąúč ïćÜøć÷ÖćøìĞćÜćî×ĂÜĕêúéúÜìĞćĔĀš  ��� �4 Ēúą×ĂÜđÿĊ÷Ĕî
ÖøąĒÿēúĀĉêëĎÖ×ĆïĂĂÖĕðìćÜĕêîšĂ÷úÜ éĆÜîĆĚîÖćøĔßš÷ćÖúčŠö �����5 ÝċÜöĊ×šĂÝĞćÖĆéēé÷đÞóćąĔî

ñĎšðśü÷ìĊęöĊðøąüĆêĉđðŨîĒñúĔîÖøąđóćąĂćĀćø ñĎšðśü÷ēøÙĕê ñĎšðśü÷ÿĎÜĂć÷č ñĎšðśü÷ēøÙÙüćöéĆîēúĀĉêÿĎÜ 
ÖćøĔßš÷ć *$%$2(06,0 àċęÜđðŨî÷ćøąÜĆïÖćøĀúĆęÜ×ĂÜ /101 $/,0( 0(74164$05/,66(4 ìĊęúéÖćøîĞć 
,/27.5( ×ĂÜ $910 ĒúąøïÖüîÖćøìĞćÜćî×ĂÜ &146,&$. 0(74105 ìĞćĔĀšúéĂćÖćøßĆÖ Ēúąúé
ÙüćöđÝĘïðüéÝćÖđÿšîðøąÿćì �0(74$.*,& 2$,0� îĂÖÝćÖĕöŠÙŠĂ÷ÝąĕéšñúĒúšü ÷ĆÜöĊñú×šćÜđÙĊ÷Ü 
đßŠî Āîšćïüö ÙüćöéĆîēúĀĉêÿĎÜ ÖúšćöđîČĚĂĂŠĂîĒøÜ đüĊ÷îýĊøþą üĉêÖÖĆÜüú êćóøŠćöĆü ÖćøêĂï 
ÿîĂÜêŠĂÿĉęÜêŠćÜ ė úéúÜ ÖćøĔßš÷ć 64$/$'1. àċęÜđðŨîĂîčóĆîíŤ×ĂÜ /142+,0( ìĞćĔĀšñĎšðśü÷ïćÜøć÷

öĊĂćÖćøìšĂÜñĎÖ ÙúČęîĕÿšĂćđÝĊ÷î đüĊ÷îýĊøþą ÜŠüÜàċö ĔÝÿĆęî đîČęĂÜÝćÖ÷ćöĊñúêŠĂÿöĂÜ ìĞćĔĀšöĊÖćø

đóĉęö×ĂÜ 0(74164$05/,66(4 ĕéšĒÖŠ 014(2,0(2+4,0( Ēúą 5(41610,0 ÖćøĔßš÷ćÿđêĊ÷øĂ÷éŤđóČęĂ

úéÖćøĂĆÖđÿïđÝĘïðüéĔîÖćøøĆÖþćēøÙ×šĂøĎöćêĉàĆęöđðŨîđüúćîćî ìĞćĔĀšđÖĉé 56(41,' $'8(45( ())(&65 
đßŠî õĎöĉÙčšöÖĆîøŠćÜÖć÷úéúÜ đÖĉéÖćøĂĆÖđÿïêĉéđßČĚĂĕéšÜŠć÷ ÙüćöéĆîēúĀĉêÿĎÜ îĚĞćêćúĔîđúČĂéÿĎÜ 
ÖøąéĎÖóøčî ÖúšćöđîČĚĂĂŠĂîÖĞćúĆÜ Ēúą �75+,0*<5 5:0'41/( ĄúĄ   

ÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąìĊęđðŨîÖćøîĞć÷ćÿđêĊ÷øĂ÷éŤðøĉöćèîšĂ÷ÞĊéđ×šćĕð÷ĆÜÝčéìĊęöĊÖćø

ĂĆÖđÿï ìĞćĔĀšÙüćöđÝĘïðüéúéúÜĀøČĂĀć÷ĕðĔîđüúćøüéđøĘü đîČęĂÜÝćÖÿđêĊ÷øĂ÷éŤøąÜĆïÖćøÿøšćÜ 
,0).$//$614: 57%56$0&(5 ĕéšìĆîìĊ ßŠü÷ðøąĀ÷ĆéÙŠćøĆÖþćó÷ćïćú ÙŠćêøüÝìćÜĀšĂÜðäĉïĆêĉÖćø 
đßŠî ��� %.11' &+(/,564:  !�4$: �10( 5&$0 ĀøČĂ ��� đðŨîÖćøðøąĀ÷ĆéÜïðøąöćè×ĂÜ

ðøąđìý ðøąĀ÷ĆéÙŠćĔßšÝŠć÷ ĒúąđüúćĔîÖćøđéĉîìćÜĕðēøÜó÷ćïćú×ĂÜñĎšðśü÷ đóČęĂ×ĂøĆïÖćøøĆÖþć 
ĀøČĂñĎšðśü÷êšĂÜëĎÖÿŠÜêĆüÝćÖēøÜó÷ćïćúßčößî ēøÜó÷ćïćúìĆęüĕð ĕð÷ĆÜēøÜó÷ćïćúýĎî÷Ť ĀøČĂýĎî÷Ť
ÖćøĒóì÷Ť  ĂĊÖìĆĚÜ÷ĆÜđðŨî 6+(4$2(76,& ',$*015,5 éšü÷  ÷ćÿđêĊ÷øĂ÷éŤÿćöćøëÞĊéđ×šćĕéšìčÖìĊę ÷Öđüšî
ïøĉđüèìĊęĂĆÖđÿïêĉéđßČĚĂ Ēóì÷ŤìĆęüĕðĕöŠÖúšćÞĊé éšü÷ĕöŠöĆęîĔÝĔîÖć÷üĉõćÙ×ĂÜïøĉđüèìĊęđÝĘïðüé ÖúĆü



ÖćøĂĆÖđÿïêĉéđßČĚĂ éšü÷đ×šćĔÝüŠć÷ćÿđêĊ÷øĂ÷éŤìĞćĔĀšêĉéđßČĚĂÜŠć÷ ĂĊÖìĆĚÜÖúĆüüŠćÝąìĞćĔĀšđĂĘî×ćéĀøČĂ

đÖĉéĂćÖćøĕöŠóċÜðøąÿÜÙŤ×ĂÜ÷ćÿđêĊ÷øĂ÷éŤ  

ñĎšîĉóîíŤĔßšÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąÝčéêĆĚÜĒêŠðŘ ó�ý� 	��� ĕéšóĆçîćđìÙîĉÙÖćøÞĊéĔĀšöĊ

ĂĆîêøć÷êŠĂđîČĚĂđ÷ČęĂîšĂ÷ĒúąêøÜÝčéìĊęêšĂÜÖćø ĔĀšđðŨîĀĆêëÖćøìĊęĕöŠ÷čŠÜ÷ćÖĒúąĕéšñúéĊĔîñĎšðśü÷ 
/75&7.15-(.(6$. 2$,0 ìĊęĕöŠêĂïÿîĂÜêŠĂÖćøìĞćÖć÷õćóïĞćïĆé ÖćøĔßš÷ć �����5 ĒúąđöČęĂ
êøüÝøŠćÜÖć÷ĒúšüĕöŠóïüŠćöĊÙüćöñĉéðÖêĉ×ĂÜøąïïðøąÿćìĕ×ÿĆîĀúĆÜ 

ÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąÝčéÿćöćøëìĞćĕéšĔîÙúĉîĉÖìĆęüĕð ĕöŠêšĂÜĔßšĂčðÖøèŤóĉđýþ đóĊ÷Ü

đêøĊ÷öïøĉđüèìĊęÞĊéĔĀšðøćýÝćÖđßČĚĂ �$5(26,& 6(&+0,37(� đĀöČĂîÖćøÞĊé÷ćìĆęüĕð éĆÜîĆĚîĒóì÷ŤìĊę

ðøąÖĂïüĉßćßĊóđüßÖøøöìčÖÙî ÙüøÿćöćøëøĆÖþćĒúąúéÙüćöđÝĘïðüéìøöćî×ĂÜñĎšðśü÷ĕéšĔî

đüúćøüéđøĘü ēé÷ĕöŠêšĂÜÖĆÜüúëċÜĂćÖćøĕöŠóċÜðøąÿÜÙŤ×ĂÜÿđêĊ÷øĂ÷éŤ đóøćą×îćéìĊęĔßšĔîÖćøÞĊé

đÞóćąÝčéðøąöćè '$,.: 2+:5,1.1*,& '15( ĒúąÞĊéđóĊ÷Ü ��	 ÙøĆĚÜ ĀćÖđìÙîĉÙÖćøÞĊéëĎÖêšĂÜĒêŠ
ĂćÖćøðüéĕöŠïøøđìć ÖĘêšĂÜĀćÿćđĀêč×ĂÜÙüćöđÝĘïðüéêŠĂĕð  

đìÙîĉÙÖćøÞĊé÷ćìĊęîĞćđÿîĂîĊĚ đðŨîüĉíĊÖćøìĊęñĎšîĉóîíŤĕéšóĆçîćÝćÖðøąÿïÖćøèŤ ĒúąîĞćđÿîĂ
đÞóćąÖćøøĆÖþćÙüćöđÝĘïðüéìĊęóïĕéšïŠĂ÷ĔîđüßðäĉïĆêĉ ĒúąđóČęĂðøąē÷ßîŤêŠĂÖćøýċÖþć×ĂÜĒóì÷Ť

ñĎšÿîĔÝ ÝċÜìïìüîÿćđĀêč×ĂÜÖćøĂĆÖđÿï ÙüćöđÝĘïðüé ÷ć �����5 Ēúą÷ćÿđêĊ÷øĂ÷éŤéšü÷ 

ñĎšîĉóîíŤĀüĆÜüŠćĀîĆÜÿČĂđúŠöîĊĚÝąöĊÿŠüîìĞćĔĀšĒóì÷ŤñĎšÿîĔÝìčÖìŠćî ÿćöćøëĔĀšÖćøøĆÖþćïøøđìć

ÙüćöđÝĘïðüéìøöćî×ĂÜñĎšðśü÷ĕéšøüéđøĘü öĊÙüćööĆęîĔÝ đóČęĂÙčèõćóßĊüĉêìĊęéĊ×ĂÜñĎšðśü÷ 
 

 
 øĂÜýćÿêøćÝćø÷Ť îć÷Ēóì÷ŤđìĂéßĆ÷ ßĊüąđÖêč 
 ÖĆî÷ć÷î 	���



ÙĞćîĉ÷ö 

 êĞćøćđøČęĂÜ ÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąÝčé àċęÜøĂÜýćÿêøćÝćø÷Ť îó�đìĂéßĆ÷  ßĊüąđÖêč ĕéš
îĉóîíŤ đðŨîõćþćĕì÷đúŠöĒøÖìĊęöĊđîČĚĂĀćÙøïëšüîĔîÖćøøĆÖþćÙüćöđÝĘïðüéÿŠüîêŠćÜ ė ×ĂÜøŠćÜÖć÷ 
ēé÷üĉíĊÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąÝčéïøĉđüèìĊęđÝĘïðüéĔîÿŠüî×ĂÜøŠćÜÖć÷ ßŠü÷ĔĀšñĎšðśü÷Āć÷ÝćÖ

ÙüćöđÝĘïðüéĕéšđðŨîĂ÷ŠćÜéĊ ĔîđüßðäĉïĆêĉðøąÝĞć×ĂÜĒóì÷ŤìĊęøĆÖþćÙüćöđÝĘïðüéÿŠüîĔĀâŠÝąÞĊé

đÞóćąïøĉđüè ×šĂýĂÖ ×šĂöČĂ ĒúąÿšîđìšćĒêŠĕöŠđÙ÷ÞĊéìĊęÿŠüîĂČęî×ĂÜøŠćÜÖć÷  
øĂÜýćÿêøćÝćø÷Ťîć÷Ēóì÷ŤđìĂéßĆ÷ ßĊüąđÖêč đÙ÷ðäĉïĆêĉÜćîđðŨîñĎšđßĊę÷üßćâéšćîýĆú÷Öøøö

ÖøąéĎÖĒúą×šĂöćÖŠĂî êŠĂöćĕéšòřÖĂïøöýċÖþćìćÜéšćîđüßýćÿêøŤôŚŪîôĎ ÝîđðŨîñĎšđßĊę÷üßćâìćÜéšćî

đüßýćÿêøŤôŚŪîôĎ ÝċÜëČĂĕéšüŠćĂćÝćø÷ŤđìĂéßĆ÷ öĊðøąÿïÖćøèŤÿĎÜĔîéšćîÖćøøĆÖþćēøÙÖøąéĎÖĒúą×šĂ 
ĒúąđüßýćÿêøŤôŚŪîôĎéšü÷ ðøąÿïÖćøèŤ×ĂÜĂćÝćø÷ŤđìĂéßĆ÷ìćÜéšćîÖćøđøĊ÷îÖćøÿĂîĔîåćîąÙøĎ

ĂćÝćø÷Ť ÿĂîìĆĚÜîĆÖýċÖþćĒóì÷Ť ĒúąïčÙúćÖøéšćîÿćíćøèÿč×ĂČęî ė öćĀúć÷ÿĉïðŘ ÷ŠĂööĊ

ðøąÿïÖćøèŤÿĎÜđðŨîĂ÷ŠćÜöćÖ  êĞćøćđúŠöîĊĚÝċÜîĉóîíŤēé÷ñĎšìĊęöĊÙüćöđßĊę÷üßćâÿĎÜöćÖìĊęÿĞćÙĆâÙîĀîċęÜ

ĔîüĉßćßĊóéĆÜÖúŠćüĔîðøąđìýĕì÷ êĞćøćđúŠöîĊĚöĊđîČĚĂĀćÙøĂïÙúčöÙøïëšüî êĆĚÜĒêŠđøČęĂÜÖć÷üĉõćÙ×ĂÜ

øąïïÖøąéĎÖĒúą×šĂĔîÿŠüîìĊęđÝĘïðüé ó÷ćíĉÿøĊøąüĉì÷ć×ĂÜēøÙìĊęÖŠĂĔĀšđÖĉéĂćÖćø  ÷ćìĊęĔßšøĆÖþćÖćø

ĂĆÖđÿï×ĂÜ×šĂ ĀøČĂïøĉđüèøĂï ė ×šĂ ĔĀšÙüćöøĎšđÖĊę÷üÖĆï÷ćìĊęĔßšøĆÖþćēøÙ×šĂ ×šĂĂĆÖđÿï ÖćøĂĆÖđÿï
×ĂÜđÿšîđĂĘî ÖúšćöđîČĚĂđßŠî ÖúčŠö÷ćðøąđõìêšćîÖćøĂĆÖđÿï ÷ćðøąđõìÿđêĊ÷øĂ÷éŤ üĉíĊđêøĊ÷ö÷ć
ÿĞćĀøĆïÞĊéđÞóćąìĊęĔîìčÖ ė ÿŠüî×ĂÜøŠćÜÖć÷ öĊõćóðøąÖĂïßĆéđÝî ĒúąĔĀšÙĞćĒîąîĞć×šĂéĊ ×šĂđÿĊ÷
ĔîÖćøĔßš÷ćìĆĚÜøĆïðøąìćîĒúą÷ćÞĊéđÞóćąìĊę 

êĞćøćđúŠöîĊĚÝąđðŨîðøąē÷ßîŤĔîđüßðäĉïĆêĉÿĞćĀøĆïĒóì÷ŤđüßðäĉïĆêĉìĆęüĕð ýĆú÷Ēóì÷ŤÖøąéĎÖ

Ēúą×šĂ Ēóì÷ŤđüßýćÿêøŤôŚŪîôĎ đðŨîêĞćøćìĊęđðŨîðøąē÷ßîŤĂ÷ŠćÜéĊđ÷Ċę÷öĂĊÖđúŠöĀîċęÜìĊęñĎšÿîĔÝÙüøöĊĕüš

ĔßšđðŨîĒîüìćÜĔîÖćøøĆÖþćñĎšðśü÷ìĊęöĊĂćÖćøđÝĘïðüé×ĂÜđÿšîđĂĘîĔîÿŠüîêŠćÜ ė ×ĂÜøŠćÜÖć÷ 

 

 ýćÿêøćÝćø÷ŤđÖĊ÷øêĉÙčè îć÷Ēóì÷ŤđÝøĉâ ēßêĉÖüèĉß÷Ť 
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 ĂéĊêðøąíćîÿöćÙöēøÙÖøąéĎÖĒúą×šĂĔîÖúčŠöðøąđìýõćÙóČĚîđĂđßĊ÷ĒðàĉôŗÖ 



ÙĞćîĉ÷ö  

ÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤđÞóćąÝčé đðŨîÖćøøĆÖþćēøÙ×šĂ đĂĘî ĒúąÖúšćöđîČĚĂĂĆÖđÿï ĒêŠđðŨî

üĉíĊÖćøìĊęñĎšÞĊéÝąêšĂÜöĊÙüćöøĎš ĒúąöĊìĆÖþąĔîÖćøÞĊéĂ÷ŠćÜöćÖÝċÜÝąĕéšñúĒúąĕöŠđÖĉéñúøšć÷õć÷ĀúĆÜ 
ÞąîĆĚîĒóì÷ŤìĆęüĕðÝċÜĕöŠÖúšćÞĊéĔĀšñĎšðśü÷ Ēóì÷ŤìĊęÖúšćÞĊéÝąêšĂÜđðŨîñĎšđßĊę÷üßćâđìŠćîĆĚî 

êĞćøćõćþćĕì÷ìĊęđ×Ċ÷îđÞóćąēøÙìĊęÙüøĕéšøĆïÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤ ĒúąđìÙîĉÙÖćøÞĊé ĔĀšĕéš 
ñúéĊēé÷ĕöŠöĊñúđÿĊ÷ÝćÖÖćøÞĊé ÷ĆÜĕöŠđÙ÷öĊĔÙøđ×Ċ÷îöćÖŠĂî 

ÖćøìĊę øĂÜýćÿêøćÝćø÷Ť î�ó�đìĂéßĆ÷  ßĊüąđÖêč đ×Ċ÷îêĞćøćđøČęĂÜîĊĚđðŨîõćþćĕì÷ đðŨîđúŠö

ĒøÖ ēé÷đ×Ċ÷îÝćÖÙüćöøĎšĒúąðøąÿïÖćøèŤìĊęÿąÿööćîćî ÝċÜîĆïđðŨîÙčèðøąē÷ßîŤêŠĂĒóì÷ŤìĆęüĕð

đðŨîĂ÷ŠćÜöćÖ đóČęĂìĊęÝąĕéšĔßšđðŨîìĊęóċęÜđöČęĂöĊñĎšðśü÷ìĊęêšĂÜÖćøøĆïÖćøÞĊé÷ćÿđêĊ÷øĂ÷éŤ Ēóì÷ŤñĎšĔĀšÖćø

øĆÖþćÿćöćøëÞĊéĔĀšñĎšðśü÷ĕéšéšü÷ÙüćöëĎÖêšĂÜ öĆęîĔÝ ĒúąĕéšñúéĊ 

ĀîĆÜÿČĂđúŠöîĊĚÝċÜîĆïüŠć đðŨîêĞćøćõćþćĕì÷đúŠöĒøÖ ìĊęĔĀšìĆĚÜÙüćöøĎšĒúąđìÙîĉÙĔîÖćøÞĊé÷ć 
ÿđêĊ÷øĂ÷éŤĔĀšÖĆïĒóì÷ŤìĆęüĕð ÿćöćøëîĞćĕððäĉïĆêĉĕéš ĕöŠĔßŠđÞóćąÿĞćĀøĆïĒóì÷ŤñĎšđßĊę÷üßćâđìŠćîĆĚî 
ÝċÜîĆïüŠćđðŨîĀîĆÜÿČĂêĞćøćìĊęöĊÙčèÙŠćĂ÷ŠćÜ÷ĉęÜ 
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ÿนับÿนุนทุกทŠาน
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ïììĊę 1  
ÙüćöđÝĘïðüé 

  

đðŨîÙüćöøĎšÿċÖĕöŠÿïć÷ ìĊęöĊÿćđĀêčÝćÖđîČĚĂđ÷ČęĂĕéšøĆïĂĆîêøć÷ÝćÖĒøÜìĊęÖøąìĞćêŠĂøŠćÜÖć÷đßŠî 
ÖćøëĎÖÖøąĒìÖ ëĎÖ×ĂÜöĊÙö ëĎÖÿćøđÙöĊ ĀøČĂëĎÖÙüćöøšĂî ĄúĄ ïćÜøć÷ĂćÝöĊðäĉÖĉøĉ÷ćêĂïÿîĂÜ 
đßŠî ĀĆüĔÝđêšîđøĘü ÙüćöéĆîēúĀĉêÿĎÜ×ċĚîĀøČĂúéúÜ üĉêÖÖĆÜüú ĄúĄ øŠüöéšü÷ ÖøąĒÿðøąÿćìđÝĘïðüé

ÝćÖđîČĚĂđ÷ČęĂìĊęĕéšøĆïĂĆîêøć÷ĒúąĂĆÖđÿïîĊĚ ÝąñŠćîđÿšîðøąÿćìÿŠüîðúć÷ (peripheral nerve) ĕð÷ĆÜ 
ĕ×ÿĆîĀúĆÜ (spinal cord) đóČęĂđ×šćÿĎŠøąïïðøąÿćìÿŠüîÖúćÜêŠĂĕð 

Peripheral nerve öĊĔ÷ðøąÿćìĒïŠÜêćö×îćéđðŨî 3 ÖúčŠö ÙČĂ type A type B Ēúą type C  
Type A đðŨîÖúčŠö ìĊęöĊđÿšîñŠćýĎî÷ŤÖúćÜ 10-30 micrometer öĊ myelin Āčšö ĒïŠÜđðŨî A alpha 

fiber àċęÜđðŨîìĆĚÜ afferent Ēúą efferent fiber A beta fiber đðŨîìĆĚÜ afferent Ēúą efferent fiber A 
gamma fiber đðŨî efferent fiber Ēúą A delta fiber àċęÜđðŨî afferent fiber Type A îĞćÖøąĒÿ
ðøąÿćìĕéšđøĘü (high conduction velocity) 

Type B đðŨîÖúčŠöìĊęöĊđÿšîñŠćýĎî÷ŤÖúćÜ 6-12 micrometer öĊ myelin Āčšö đðŨî preganglionic 
fibers ×ĂÜ autonomic nervous system îĞćÖøąĒÿðøąÿćìĕéšßšć (slow conduction velocity) 

Type C đðŨîÖúčŠöìĊęöĊđÿšîñŠćýĎî÷ŤÖúćÜ 0.2-1.5 micrometer ĕöŠöĊ myelin Āčšö đðŨîÖúčŠöìĊęîĞć 
ÖøąĒÿðøąÿćìđÝĘïðüé (nociceptive impulse) ĒúąđðŨî postganglionic fibers ×ĂÜ autonomic 
nervous system ĒúąîĞćÖøąĒÿðøąÿćìĕéšßšćìĊęÿčé  

Motor fibers Ĕî peripheral nerve ×ĂÜÖúčŠö A ĒêŠúąÖúčŠöÝąĕðÙüïÙčöÖćøĀéêĆü×ĂÜĔ÷

ÖúšćöđîČĚĂêŠćÜÖĆî  
A alpha fibers ĕðÙüïÙčö extrafusal muscle fibers  
A beta fibers ĕðÙüïÙčö intrafusal muscle fibers ×ĂÜ muscle spindles (nuclear bag 

nuclear chain) ĒúąöĊĒ×îÜĕð÷ĆÜ extrafusal muscle fibers éšü÷ 
A gamma fibers ĕðÙüïÙčö intrafusal muscle fibers ×ĂÜ muscle spindles đìŠćîĆĚî 
Sensory fibers Ĕî peripheral nerve öĊ 4 ÖúčŠö ĒêŠúąÖúčŠöÝąøĆïÙüćöøĎšÿċÖÝćÖ receptor 

×ĂÜ sensory modalities ìĊęĒêÖêŠćÜÖĆî  



2  Local steroid injection 

 
 øĎðìĊę 1�1 ÿŠüîðøąÖĂï×ĂÜđÿšîðøąÿćìñĉüĀîĆÜ (cutaneous nerve)  
õćóÝćÖ �arrisonLs %eurology in Clinical $edicine 2nd edition 

 
1. ÖúčŠö A-alpha öĊ×îćéĔĀâŠđÿšîñŠćýĎî÷ŤÖúćÜ 13-30 micrometer öĊðúĂÖĕöĂĊúĊî (myelin 

sheath) ĀčšöøĆïÙüćöøĎšÿċÖ position sense ÝćÖ mechanoreceptors ìĊę muscle spindle Ēúą golgi 
tendon  

2. ÖúčŠö A-beta öĊ×îćéđÿšîñŠćýĎî÷ŤÖúćÜ 6-12 micrometer öĊðúĂÖĕöĂĊúĊîĀčšöøĆïÙüćöøĎšÿċÖ 
touch texture superficial and deep pressure ÝćÖ mechanoreceptors ìĊęñĉüĀîĆÜ Ēúą vibra-
tion ÝćÖ pacinian corpuscles  

3. ÖúčŠö A-delta öĊ×îćéđÿšîñŠćýĎî÷ŤÖúćÜ 1-5 micrometer öĊðúĂÖĕöĂĊúĊîĀčšöøĆïÙüćöøĎšÿċÖ

øšĂîđ÷ĘîÝćÖ thermoreceptors ĒúąÙüćöđÝĘïðüéÝćÖ free nerve ending ĔîñĉüĀîĆÜ ēé÷đÞóćą

Ă÷ŠćÜ÷ĉęÜ ßîĉé sharp pain đðŨîÿŠüîĀîċęÜ×ĂÜ reflex arc ìĊęéċÜĂüĆ÷üąĂĂÖÝćÖ noxious stimuli 
4. ÖúčŠö C öĊ×îćéđÿšîñŠćýĎî÷ŤÖúćÜ 0.2-1.5 micrometer ĕöŠöĊðúĂÖĕöĂĊúĊîĀčšöøĆïÙüćöøĎšÿċÖ

đÝĘïðüéÝćÖ free nerve ending đðŨî slow longer lasting pain sensation  
 

�o6io3s sti,3+i ìĊęìĞćĔĀšđÖĉéÙüćöđÝĘïðüé ĕéšĒÖŠ 

1. $echanic ÙČĂÝćÖĒøÜÖøąìĞćêŠĂđîČĚĂđ÷ČęĂđßŠî ÖćøëĎÖ×ĂÜĒ×ĘÜìĉęöĒìÜ ×ĂÜöĊÙöïćé ëĎÖïĊï 
Öé éċÜøĆĚÜ ĄúĄ  

2. Chemical ÙČĂÝćÖÿćøđÙöĊêŠćÜ ė ìĆĚÜÝćÖõć÷îĂÖøŠćÜÖć÷ĕéšĒÖŠ Öøé éŠćÜ ĀøČĂÝćÖõć÷Ĕî

øŠćÜÖć÷ĕéšĒÖŠ prostaglandin� brady:inin� nitric oxide� immune complex� metabolic products� 
cyto:ines ( l-1  l-6) ĄúĄ  

3. Thermal ÝćÖÙüćöøšĂîđßŠî ĕôĕĀöš îĚĞćøšĂîúüÖ ĕôôŜćßŢĂê  
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�  Local steroid injection 

�eferre# p in ĒïŠÜĂĂÖđðŨîÖúčŠöéĆÜîĊĚ  
1� �er, to,e ÙČĂ referred pain ìĊęđÖĉéÝćÖó÷ćíĉÿõćóìĊę spinal nerve root đßŠî #5 

nerve root ëĎÖøąÙć÷ ĀøČĂëĎÖÖéÝąöĊÙüćöøĎšÿċÖđÝĘïðüé ßćñĉüĀîĆÜìĊęïøĉđüè anterolateral ×ĂÜ
ĀîšćĒ×šÜ ĀøČĂ C6 nerve root ëĎÖøąÙć÷ ÝąöĊÙüćöøĎšÿċÖđÝĘïðüéñĉüĀîĆÜìĊęïøĉđüè radial aspect ×ĂÜ 
forearm îĉĚüĀĆüĒöŠöČĂ îĉĚüßĊĚ êćö dermatome ÙüćöøĎšÿċÖđÝĘïðüé ßćìĊęñĉüĀîĆÜîĊĚÝąöĊ×Ăïđ×êìĊęßĆéđÝî 
(well localiIed) (øĎðìĊę 1.3) 

�� �is"er + +esion ÙČĂ referred pain ìĊęđÖĉéÝćÖó÷ćíĉÿõćó×ĂÜ visceral organs đîČęĂÜÝćÖ 
neurons Ĕî dorsal root ganglion øĆï primary afferent axon ÝćÖ receptor ìĊęñĉüĀîĆÜĒúąøĆï 
afferent axon ÝćÖ visceral organ éšü÷ ÿĆââćèðøąÿćìđĀúŠćîĊĚÝąëĎÖøüïøüöĔĀšđðŨî single input 
ìĊę neurons ĒúšüĔĀšÖøąĒÿðøąÿćìĕðêćö axons ĕð÷ĆÜ spinothalamic tract éšćîêøÜÖĆî×šćö×ċĚîĕð÷ĆÜ 
thalamus êŠĂĕðđßŠî neurons Ĕî dorsal root C3-4 ĕéšøĆï afferent axons ìĆĚÜÝćÖñĉüĀîĆÜïøĉđüèïŠć

ĒúąÝćÖ gall bladder common duct Ēúą pancreas éĆÜîĆĚîđöČęĂöĊó÷ćíĉÿõćóìĊę common duct 
ĀøČĂìĊę pancreas ñĎšðśü÷ÝąøĎšÿċÖðüéïøĉđüèïŠćéšü÷  (øĎðìĊę 1.4) 
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�� S"+eroto,e ÙČĂ referred pain ìĊęđÖĉéÝćÖó÷ćíĉÿõćóđîČĚĂđ÷ČęĂìĊęóĆçîćÝćÖ somite 
đéĊ÷üÖĆî×èąđðŨî embryo đöČęĂöĊÖćøĒïŠÜđàúúŤ  

 3.1 �ctoderm ÝąóĆçîćĕðđðŨîñĉüĀîĆÜ øąïïðøąÿćìÿŠüîÖúćÜ øąïïðøąÿćìÿŠüîðúć÷ 
ÿŠüîĀĎßĆĚîĔî neural crest Ēúą connective tissue  

 3.2 �ndoderm ÝąóĆçîćĕðđðŨî epithelial lining ×ĂÜìćÜđéĉîĀć÷ĔÝ ìćÜđéĉîĂćĀćø 
øüöìĆĚÜ gland ìĊęđðŗéÿĎŠ gastro intestinal tract Ēúą glandular cell ×ĂÜ organ ìĊęÿĆöóĆîíŤÖĆîđßŠî

êĆïĒúąêĆïĂŠĂî  
 3.3 $esoderm ÝąóĆçîćĕðđðŨî s:eletal muscle� smooth muscle ×ĂÜ visceral 

organ serosal lining ×ĂÜ body cavities ìĆĚÜĀöé ìŠĂ×ĂÜĂüĆ÷üą reproductive tissue ìĆĚÜĀöé 
cartilage� bone� tendon� ligament� dermis Ēúą stroma ×ĂÜĂüĆ÷üąõć÷Ĕî 

ÖćøđÝøĉâđêĉïēê mesoderm àċęÜĂ÷ĎŠêĉéÖĆï neural tube ÝąøüöêĆüĒúąĒïŠÜđðŨîðúšĂÜ ė đðŨîÙĎŠ 
đøĊ÷ÖüŠć somite đøĊ÷ÜêĆüÝćÖ cephalic end úÜöćìćÜ caudal end ìĆĚÜĀöéöĊ 42-45 ÙĎŠ  
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