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A141tYn~aiu 
'Pain' u1~1flniwia16iu poena (a penalty or 

punishment) ~ 9 ~ i u R a  "suffering, distress, soreness : 

the sensation one feels when hurt" i i ~ i ~ m R a i u m i u  

International Association for the Study of Pain (IASP) 

Go "Pain is an unpleasant sensory and emotional 

expenrience associated with actual or potential 

tissue damage, or described in terms of such 

damage"' 

PhysioIogical pain a?iun17?uf~a lub~uh 

afim$u~u'aijknsr~uw"~u~~s\3 (noxious stimuli) L ~ U  

a~wnszw'i ~ a i u i 0 u  m a i ~ ~ i h  aaazais~mW GI%$' 

a E m d ~ ~ 5 u i w 8 ~ 4 a ~ ~ ? e r ~ n 1 s m ~ u a w o ~ " 1 1 o a ~ ~ u e r  

i i a q  ~bdu ~aiu$u1aGmq\3 B~mai'uaja a ~ i o o o n  

~9iulqaia ~~azp9aon~Ganela1uw1\3iua8ui'u~~~ 

Pathological 60 clinical pain 1996 fli $?u$ 

maiu~~u~ana~m$uadofinis~~au nisuin~Gervo\s 

~ d o ~ i ~ ~ ~ a z ~ ~ u ~ s : a i ~  ~ ~ a : ~ > n ~ d u a f i u s : u u  

elsra1w~a\3 ~ " ~ l ' j l ' n ~ ~ i ~ $ ~ ~ ~ ~ n a i u ~ < ~ ~ e l a m w "  

s:erud~zaiw&awnai~~~az&auda1u1da"uu~1ela~2el 

rnu~in?ufmm~udud~m~in~~n~z~wwdlwn~a:dn~ 
liw'i%.jiadudan (nonnoxious stimuli) a h  fl79a"~f'ki 

LLaznisnn a?iu$w a?un-di allodynia aaaz~niswoer 

a u m d a  noxious stimuli u inn-didn6i~4un-di  

hypera~gesia~,~ 

i1\3n1swiui3o?ui~ai~a;u.1Jan r d o ~ i i n  

n i ~ e r i n ~ d e r ~ o s ~ i o ~ d a ~ a i u w ~ ~  a iw  n ~ s w ~ g m d i u  

w~ana'bn.rra;ls:uud.;s:~~wnis?er~ (afferent nervous 

system) Bun41 n o c i ~ e ~ t i o n ~ , ~  &ns:{uw$Y711<~7im 

nisuinb+u (noxious stimuli) ~cn3zc@K2?umai~ 

116 

alerelam (nociceptor) ddaiud%:~iw3i=crz (free 

nerve ending) ~ o ~ a & e l . i z r n w ~ Q m d ~  myein $8 

u w l  60 A delta fiber a a z a ~ n a l i i j  rnyelin fu8o C 

f~ber Tnu A delta fiber ri1t7~qia~aiub~~uelamb6Qm 

fast 94% first pain ~\sa~m<uni1\3%ama% 5maara 
eron6ibb'~Pdd&i=hu C fiber G i ~ a i u b ~ e r d a m 6 h  slow 

A ,  1 
w5a second pain wanmauniup9~a ia"flwa:dania 

eronii~~~PaaluT6a~az~7ima~uiunii 
$~~1a~aiuaderelam~i6nua$uds:aiw A 

delta baa: C fiber q:b$iqT"II$u~~der?bam dorsala 

horn $ laminae I. I I  baa: V ~insa"uiadaiud%:a7w 

anterolateral quadrant &~umsa$i~b?ufl spino- 

thalamic tract (STT) dauwdagu lateral STT M% 

neospinothalamic tract i i$ t&i~im&au%~$qin A 

delta fiber won$u~dtj lateral thalamus i~odavio 'bd~a 

somatosensory cortex ~6ua$oa5ern1.;s~u$ ~ I L L M ~ ~  

1aa:~aiu~ubbs;rva\3~aiub~udam (sensory - discri- 

minative aspect) iauw"b3u rned~al STT M%I 

paleospinothalamic tract i i $ q q i s l a t i a u % ~ ~ ~ ~ n  C 

fiber w0n ld t  reticular formation, medial thalamus, 

periaqueductal gray matter Laaz hypothalamus a io  

d\3fls:qiu'bdG\3 cerebral cortex aaaz limbic system 

~ ~ 0 a $ o a ~ e r n i ~ ? u ~ w i a 6 1 u ~ m % w a a z o i ~ ~ ~  (affec- 

tive-motivational aspect) 

n i s d ~ u ~ a . u n s i i s n i ~ ~ ~ ~ a i u ~ ~ u d a ~  
b ~ ~ b f i 1 " 1 n 7 3 ~ f l L f l ~ ~ ~ 0 n 7 7 ~ l ~ ~ ~ ~ " I I 0 i l ~ 6 0  

aioq:ijni7w&aH1s algogenic mediators &IQ"JI~ 

b~aa"er5baa~9n~1abbazqin mast cell, macrophage 

bbar lymphocyte 'b6aibbfi bdKa~+uulooauaaazlabns 

bqod'b~~t~o~ bradykinin n?o 5-hydroxytryptarnlne 

(5-HT), histamine, substance FI seroton~n, lactic 

acid bbaz prostaglandin dwaam!nnaiuwu 

(threshold) voadanse{uY71%~iianiu~er$naiu~Qu 

damada$uCia ~ 7 o n m ~ u 1  q er3~aaw"l6?uerima~er 

(allodynia), b~~nismouauoabbazstuzbaaiw~u 

weai.lavio&ansz(ud~ma~u~~saa~nn-di!mnaiuwu 

(high threshold stimuli) 1uer3baa~16~eru1m~;u 

(primary hyperalgesia) bb~3:LI~b2fld$l9~zu9 (secondary 



hyperalgesia)6.7,8 b?unhbftn peripheral sensitization 

~ ~ ~ s ~ " u 4 \ i b 6 i n i ~ ~ a a n " u ~ ~ a a m n i ~ ~ & i l  mediator 

~ 9 n a ' i a ~ ~ u n i 3 % S n " ~ b 0 ~ ~ w ~ u ,  8iniN nonsteroidal 

anti-inflammatory ( IUSAIDS)? ,I%%$ ~p io ids ' " - '~  

L L ~ Z ~ I T ~ E ~ ~ I T I L Q W I ~ ~ ~ ~ - ~ ~  fiauafimni%erin~Ger 

sfaadoada~oa~uniqbfim peripheral sensitization7 

b?wnLdi preemptive analgesia 

ni%&aw&aelcdtfliw$iq $in primary afferent 

flber qinni%hfim peripheral sensitization 9:Y?ilfl 

n1~i~~~qimnaiua4udamS;"bva"pd~a"~~ela"wuaada~ 

lel (neuroplasticity) W~afli%<~"baa?u'bviTu4~a"a 
Y 1 ~ilw&ad%:aiw~6~1nvu~ba:uiu"ou ("wind-up" 

phenomenon) h?un-dibKm central sensi t i~at ion"~~'~ 

wuni~woerwuoacio~an~:$uuin~aa:uiun-didn~ 
(hyperalgesia),~mmaluwucioi9n~t$u~\3 (allodynia). 

~n~sa~~mai%J'badoni%ns:$u (hypersensitivity) 

~er%lam$i\s~Gua (secondary hyperalgesia), bfim 

abnormal circuit 'd~~Ldi;lb~ud%zHiw nociceptor 
2 

afferent baa: sympathetic efferent bd~oi$b~uflib~q 
2 %fifinnia: "sympathetically maintained pain" vu 

niu9/1$\3 ~0n"3n6~\3biim motor bba: sympathetic 

reflexes dab&! positive feedback fii%$inicjw&\3 

substance I? histamine abaz serotonin iflaiufl%:aiw 

primary afferent uinqu bfiflfll5n5~Lfpd nociceptor 

IJa i~~wi i l~ in<u '  Tmw3tut~aaini%~5m central 

sensitization qzuiun-di%:w:~aai$<i\3niu'b6?~ 

er1m6u4 ~ ~ a ~ ~ i n n a l n ~ 6 1 ~ ~ u o ~ w a o n ~ a a i ~ : ~ f i m  
nixd&~ds~ela;lw$ second-order neuron %uI"ll~$i] 

h i i m  "long term potentiation" fi77ss"bfim persistent 

hyperalgesia M% chronic pain syndrome n i ~ u i ' ~  
n i~d i 5~~1mma i%~~~ue Ian~ 'b "~1a "u9 r l ~ i ] ~~  

Y?~%Aw~I%M&\~ neurotransm~tter bbat neuropeptide 

qin presynaptic vesicles u3bamdaiwd%:fli~ primary 

afferent aiu glutamate, substance P aba: neurokinin 

A 'bdn%ziu N-methyl-D-aspartate (NMDA), 

a amino-3-hydroxy-5-methyl-4-isoxazole 

propionic acid (AMPA),  metabotropic bbat 

tachykinin receptor postsynaptic cell %u dorsal 

horn7'? ~l%~~bb~~b%wunl~uon~m~ou~$l~bbdaaf W 

ni~in%:{uaod~6iia "1 ejiuwiil G protein, f in 

excltabil ty va\3 second-order neuron, a6up~~uim 

AMPA receptor 6 postsynaptic cell bba:ihi%~&a 

neurotransmitter qin prestynaptic vesicles uifIE\3 

k5 il inni~Anwiwudini~n~t~u NMPA receptor 

6aw NMDA agonist biu MK801, D-CPP RI%JI%~Y?I 

%Sn"~fim central sensitization 'bd"7,'9 uanqinff~7\3wu 

ni%ae)~uubadadva\3 immediate early gene (IEG) 

C-fos bba: neuropeptide gene voa opioids "~loabbda< 

d % ~ f l l ~ % ~ ~ ~ & ! M &  ~ ~ ~ 7 9 h ~ ~ H l b 4 A ~ % < b f i ~ ~ l % h d ~ ~ ~  

~aelnanaln?udil~q~i~maiu~~uelaml~~:~:doui'~~~' 

~ i ; l n i ~ i n n l n m a u q u n a i u ~ ~ u e l a m ~ i n ~ u o i l  
dau~ludiuwi~ descending inhibitory tract dia")?8n<i 

pain modulation ibbda6d%tfli~of$u periaqueductal 

gray, reticular formation abaz nucleus raphe magnus 

daw$ad%:fliw~i~w1\9 dorsolatera fasciculus Id 

$~ffln"u presynaptic bhat postsynaptic cell %u dorsal 

horn Tnuntk neurotransmitter b$u P-endorphin Lba: 

enkephalin (opio~ds pathway) bhnt norepinephrine 

(a-adrenergic pathway) Y?I%$ primary afferent 
Y 

fiber afinnia: hyperpolarize, .ZwatTuGimi%dil 

~cggimd%taiwsin primary afferent fiber: anni% 

~ $ 9  neurotransmitter qin presynaptic vesicles 
9, 

(presynaptlc modulation) a a n : ~ u ~ \ 3 n i % ~ i ~ ~ ~ i m  

~%:RIw$ postsynaptic membrane (postsynaptic 

modu~ation)~ uon$in~~awua'i oploids aba: endo- 

genous opio~ds peptide ~ 1 ~ 1 % 6 1 m a u ~ N n 1 ' d d i l ~ ~ ~ l b ~  

~aiu~~s~e lamdiu~i~na 'bnn iu lu~~aa"b6Gn6au  Tmu 

Gi%$vuawnicj prote~n phosphorylation hba: gene 

expression ad~uua~~~rnId~' ~ o n $ i n d i i \ 3 n i u ~ i ~ i ~ n  

W a e r ~ ~ n i % ~ e r ~ ~ a i ~ ~ ~ ~ ~ d a m w i u ~ i ~  cerebral cortex 
-,. A 

(cognitwe modulation) Tmw%.aas~erusaeru~ai~au%~. 

~~?uel~a~~hbana"ou, bio-feedback bba%hypnosis b&&.! 

n 1 s m a u f i u a ~ ~ a ~ i ~ ~ n ~ u ~ a ~ a ~ 8 ~ ~ ~ u d a n  
niazbm?um~inni%ejim (surgical stress) 

~~az~ai~a~udam~tn~:~u~tuerel~:a~n~~~:~a%~'bi./io 

(neuroendocrine response) ~ I % ~ ~ I % ~ I ~ I W ~ ~ ; I \ ~  

s:uudiy ~ela"uu~aelaald 

1 1 7  
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catecholamine, cortisol, glucagon, aldosterone. 

antidiuretic hormone, angiotens~n I I  bba% growth 

hormone <au6uni~amasmos~a~Tuu anabolic a h  
insulin uat testosteronez2 Z W ~ ~ I % & R I ~ ~ ~ ~ O ~ ~ . ~ &  

(hyperglycemia) a&uni%aaiuTd%~u~aarlv~u afim 

negative nitrogen balance ~~awiKmaaa:ini%atau 

ai%$iua:an~o~~~7uiianiu uan.~in6Gaini%w&am 

cytokine b$u interleukin-2, interleukin-6 bbaz tumor 

necrosis factor W~aW"i%'A"nix6~3~92 $ N M Q ~ ~  

m a i ~ 6 " a G m  LI,~:~I%MI~II~.~N~u~~ uan~in6wu 

i i d f  uior catecholamine nd~in$u~cldns:(u 

nociceptor elaiuwiafii%.jl"i3nelam~finafiu vicious 

pain-catecholamine release-pain cyclez4 bmuni2 

~ ~ d u u u ~ a s ~ a n ~ i a ~ u ~ u m a i u S u a a ~ a v o a n i ~ u i ~  

a~uvoa~6a~io~inni~wiKm 

' 2  
ni3afiuvuvas angiotensin I I  aaaz 

catecholamine ~wa~i%Gmaiu6uTa~m~~u$u 3119% 

a$u~ia$u i'a%~aCufimTa~az na"7u~6aflal~~aani2 
P aan%b9uuinw aiabfin coronary vasoconstriction 

~inni%n%:fua$ud%:aiw sympathetic "lra$a%sz5 

baa:ni%a~u$u~os catecholamine %un%zbbabGon 

uonsin6~a~ni%ahuBuvaa aldosterone, cortisol 

bbac antidiuretic hormone ~ 1 % ~ ~ n 1 ~ ~ ~ b ~ ~ 1 % ~ 1  

~aa:~nboIoaiianiu a~~aaia9/r~lgir"~finniatfial~a"u~q/laa 

(congestive heart failure) ~/i&~iKnbmuaawi~~ellau 

Wdni%~"iaiu~o\36a%qfimdn~ 

3. 3~unlerIs 
ni%~huai~$iIuelonw"i%ss"ni2aaanad$uu 

ni"dfindnG (ventilation-perfusion abnormality) 

uon~in6wuiinaiu~~.udam~inni~wi6~.u3aaor 

w%aaan baa~iaaw"oil9zw"i~~na"iubdau~~a~6ilndia 

bnis6'a (splinting) afim hypoventilation, an total 

lung compliance, am functional residual capacity 

~Q~%:NI~M?FIU~: 25-50 ~ I % $  ventila- 

t~on-perfusion abnormality pulmonary consolidation. 

pneumonitis, afimnia:~i7noon%a~u~u~~am aaa:nia% 

hypercapnlc respiratory fallure miuui bmua~wi: 

%u@lauqaoiy 6'au aaatiT-j~damagi~Gu~~ 

4. szuuni.~~~u~1inis 
wa iu~ iudamda f imBu~zn~z~u2z~u  

Y 

d%zaiw sympathetic ~u~ani3~isiu"lran3cawit 

oi9/ri%~aa:6il$~ilG~fim ileus ~5"R/16m ia1n13 

nisdb$ aia4uu w"aaCn ~ ~ e l ~ ~ w i u a i ~ i ~ ~ ~ l 6  

~ l % ~ b b f A ~ ~ l t I ~ l  b b ~ t b f i ~ ~ l % ~ ~ b ~ ~ ~ ~ ~ ~ l 2 ~ l 6 R ~ ~  

5. =izuuni~~8u~flrn-~': 
miur5udandafin$u:u~zn~t{u~cuu 

d%:aiw sympathetic ~u~an i%f i ia iun~ i%~bf fa  

detrusor man%:bwitflaaiac fii%flflaaia%& kaaat 

~ f i~n i~Gna~a%u~~u~wi~~~u f laa ia :m iuu i  

6. 3zuuqij6un'w 
imann3euuqij{unirntuua cellular uat 

h u m o r a ~ ' ~ ~ ~ ~  wer lymphopenia, eukocytosis ni%+ 

aiuvaa%t~er reticuloendothelial amas $inn73 

~nwiw.u-dini~w~m cortisol aha: epinephrine a$i 

~aama~om6iiwa%.jl" chemotaxis "11s neutrophil 

amas uon"~n6w.ua'ini%wi~m~~ni% manibulate 

6au tumor .~:w"i%Gini~aawin~:~iuvaa~~aa"uzais 

uin$u bdaa9in cytotoxic killer T cell Gi~iuanad 
P einni%bhvuvoil catecholamine, glucocorticoid 

aaac prostaglandin %wn%~aaabi%m~~ 

7. ni=iu~adi3~~1a~R'm 
n i a : a m ~ ~ m ~ i n n i ~ R j i ~ m w ' i l ~ n a i ~ ~ ~ m  

vnaaRam ~s~i4aninafiom ~ ~ . u e r n i ~ r ~ % i l ~ a ~ ~ u ~ ~  

voaaGam aaaz fibrinolysis bd$fluaadaa~d~'.~~ WU<I 

ani~~~omani:~uuin~u fl~<uni%aais~a"au~uaw"u 
P 
"~r uaatni%afim fibrinolysis wmaa adafau6Uni%am 

ni%andou~~sa~s~ilwl~m (immobilization) aaa:nid*bpsa 

I"aua~om~awdaiNamaa9in catecholamine 9-13 

a5~~11,q/l~l.jl"~Rn thromboembolism ~~sk16nwiuui 



Preemptive analgesia 

nKnnirivo9 preemptive analgesia Ganx 

%vkn%:9"erdan (biu n73?$ premeditation gag 

NSAIDS~,~~,  ~ p i ~ i d ~ ~ ~ - ~ ~ , ~ ~  ~auRiln13lfl opioid 7179 

' b ~ $ ~ ~ f 6 ¶ ~ " ~ ~ )  b b a ~ ~ ? 0 n l 3 ~ ~ ~ l T l b ~ ~ 7 t #  (L$w fl13 

GI peripheral nerve b~ock'~.'\ba: regi'onal b10ck'~) 

f i ~ ~ 6 1 n l % i ? ~  LdOg~9fi~f l19b~F1 peripheral bba: 

central sensitization i ~ l a a n f l a i ~ b ~ u e l a n w K g  

ej16m9.10.13-15 
, anel3~16wni~%$ui~~n"elan~:wji~b~a: 

w~gRj1~n9.10,13.15 3osn "~dn is~6wma i~~ iue lam~<a~~~~  

~ ~ n ~ a n ~ ~ ~ t b a a i f i n $ u l u ~ ~ 9 w u i u i a ~ ~  ~inni%3nwi 

WU<I ni%lss"ai9 NMDA receptor antagonist n19 

1.cla'sdwa" bL$u MK 301 bba: ketamine zqw$  

preemptive bbdnicd%G opioid 9i;doon 

qw$8u L$U alfentanil w19waanb~an61'b~~~nd 

69na'7a1'~'* n13lg opioids % a ; ~ ~ u u i a 7 b n w i t d m  

Ilu5uw~~~1u1snann3o~oiln"unis~iin stump pain 

M%I phantom limb pain 1635 

Multimodal analgesia 

wa"nni%°lros rnultlmodal w?o "balanced" 

analgesia 6anis l9/1~~~aonqw6anw~o0a96uni~ 

i9$q~ianaia1Guelaniiuw1~naIni i9~ 6uiau 

h35 ~ & o ~ ~ ~ ; ~ ~ m d ~ a n i i a G i % ~ ; r " ~ e ~ e r e l a n I 6 ~ $ u  
and~ui~bbac~obbm3n~au91nn13?$ opioid 99% 

w16m~~,~~ annisbfim tachyphylaxis n30 tolerance 

bbaznnnisbiin stress response36 bbatan~tuzbaai 

%n$ulul~swu~eria"" bnui4~%ss"ui~rTuelan646 
1.  anni3akn peripheral sensitization bbae 

hyperalgesia lmuniAGi NSAlDs b$u ketorolac3' 

bba% piroxicarn bqud'u sauffani%l$' antihistamine 

bbaz antiserotoninergic ~auwi$m 

2. a m n ~ ~ ~ i ~ y y i m d ~ ~ a i n ~ i u w i ~  

nociceptive afferent, sympathetic bbac motor efferent 

~mu~fluiaiaawi:d (peripheral nerve block bbaz 

regional block), sympathetic block bbacn13'$'u1 

antispasrnotic ~ o u w 7 6 n  

3.  $QL&&.J modulation $%w&M& b$u n?dw* 

opioid bbaz a-2 agonist b$u clonidine3' ~ I~"UUW% 

4. ~ o \ n 6 u n i % d ~ $ ~ ~ i a e j 1 u ~ ~ a s l " e l ~ : ~ 1 ~  
second order %PdbvaPsd~c% biu ni=ilK NMDA receptor 

antagonist biu ketamine bba: MK-401 bau6u 

~a iu~~ereJamn~~i iKn~~edwaa i~ in  peripheral 

bba: central sensitization GIIACI primary u a t  

secondary hyperalgesia, allodynia aba:m9bau 

~ i ~ w ~ l & f i n w a 7 ~ ~ ~ u e l a n ~ ~ o ? ~  Tnua~mcni~wiGm 

m i % ~ u i ~ ~ n i ~ u i n ~ ~ u v o ~ ~ d a ~ d o ~ ~ a c ~ ~ u ~ ~ : a i m ~ i n  

uon~in6fioi~aOuniaw~~fiiinia~w~n~ouwa'~ 
ejiG bdu ~ ~ ~ l a q ~ i u $ i  n i s ~ m d o  niacfialqvin~Gam 

~~n:.d.osvYa\sdauusd ~ i % ~ i s n ~ a ~ ~ ~ w 3 o a m ~ a ~ a w ~ n  

. a "au6~n61a lno f i~ i~a i%f lu i~ :Tue lan~au"a  

preemptive analges~a iaufh multimodal analgesia 
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