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| Abstract |

PURPOSE: To identify the effects of single trial
transcutaneous electrical nerve stimulation (TENS) application
on chronic neuropathic pain and the repeated TENS
application to development of neuropathic pain following
peripheral nerve injury.

METHODS: First, 20 rats were given the median nerve
ligation to induce chronic neuropathic pain. After the ligation,
neuropathic pain was assessed by measuring the forepaws
withdrawal threshold to von Frey filaments for 3 weeks.
Afterward, rats were randomly divided into TENS group and
placebo-TENS group. TENS (frequency 100Hz, pulse width
200.s) was applied to the forearm for 20 minutes. Second, 34
rats were randomly allocated into two group after median
nerve ligation: TENS group and placebo-TENS group. Both

interventions were applied to the forearm for 20 minutes from
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1 day to 3 weeks after injury. Neuropathic pain to mechanical
was measured on each rat for 3 weeks.

RESULTS: Exeprimental rats showed a clear neuropathic
pain-like behaviors, such as reduced forepaw withdrawal
threshold to mechanical stimulation for 3 weeks, after median
nerve ligation. And, TENS decreased effectively the chronic
neuropathic pain originated from median nerve injury. TENS
also diminished the development of neuropathic pain after
nerve injury.

CONCLUSION: Our animal model studying for neuropathic
pain following median nerve injury may be useful to
investigate peripheral neuropathic pain in human. Also,
TENS may be used to mediate chronic neuropathic pain and
to prevent the development of neuropathic pain following

median nerve injury.
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Ak 9 Qo] ofsto] RIWISHA el YAl
S AEHF F55 9] shkeh G471 &
AE7)= SHAE tiFR o] SRS 550 A&E=
T3 4178 EA E50l FlthTaylor, 2006). 417435
TS TEAA 5 R G54 F5ol Hsk] HE
291 WForEol ofgt gxls a7} wiH|sKMcCarberg
7} Billington, 2006). wh2bA] 0|23t 552 ¢JAtol A
7P A w4l 5 7R, tiekd A7 S
B9 A8 A 71A A7 Bash Aot
7R A AHSE F5 718 A5 2 AL

sk TxAF | E4e ol AFE U ol2jt
G52 CCI XE(chronic constriction model), PSL &
(partial sciatic nerve ligation), SNI X &(spared nerve
injury) Z22]31 TNI X dl(tibial nerve injury) A| A5}
thofRt Aganet 55 i 2 A 71de] FHE
CH(Bennett, 1991; Bennett®} Xie, 1988; Decosterd T}
Woolf, 2000; Hofmann 5, 2003; Seltzer -, 1990). o] |3t
mu5e HTAAT 859 2417 (lumber spinal
nerve)o| I3, &4 A-go] 8-o|5}lH(Hogan, 2002),
Sdho] bl H(plantar surface) 2] A7 2| uljo]] 2]3}o]
y5eH AAE golgt Aol §lol(Hogan, 2002) 2]
20z AR 20 713 7 9 et ok
o tof| Wo] AM-E I Q= A& o|chBennett, 1991)

ek Aol A TRAIF &ALt 854l
73, BeAlZd 2 HAEAA o] e AR oA e
(Kouyoumdjian, 2006; Scholz %, 2009), £3] ASAZ 1}
T &E42H=5 o (carpal tunnel syndrome)
¥} B o] 7H RHIHSHA WAlshes TRAIZ &40l
tHKouyoumdjian, 2006). 3}A| 9k, 5}&| o] LA} AF
A 0] WAl e SEHA a0 Ao|7} Qv Akt
O] A= sHAof| HIgte] F5= AIAAIY X ek st
2T 5417 59l 7] A(feedback system)
| drdE L2 E = A|(Johansson, 2002), 2 Z>(lumbar

spinal cord)o]] B|3}o] Zd4>(cervical spinal cord)= 2]3£$

o

Al 7 - 2E(supraspinal nerve structure)o] B2 53k
=CHArmand, 1982). E3h D241 A2 A9
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WIS 7% ABEY meSe] A5EFY 53 714
QA70] o] QAL A AFEA] o7 AEE

4 5% wae AL 1443
W A2 OB Al B8 E3AY Holek. A
=]

Yi 5o] WiAollM AR o] Al AEAE Y i

(high-force repetitive task)S A|3Ja}o] W Aol A Ao
A 71 she A AAREEY SRS
& s, Fol i A7E vEsin

(Clark %, 2004).

7 1) A1 7 7) A}=-%] &(transcutaneous electrical nerve
stimulation; TENS):= S| A=A 714 EHAOo =
AgEE HAGA A ow, A U FEAT
ol A A o] o5 TEE Desantana 5, 2009), T4
535 (Walsh 5, 2009), -¥(Ainsworth 5, 2006), ==
Ul ofgt el ojah B3(Shka 5, 20002 3}
oz Btk B2, 71AH A3 chat 4174
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22X =9 TENS7} &3 oz ZA5kecta ¥ st
HbH(SomersT}; Clemente, 2009; Somers¥} Clemente,
2006), U Ao A= TENS7} G4 A AHZA B2
FAl= Aol x|Rt 7| A A F5 Sl Hlan
Zo|g}al X 15} thSomers} Clemente, 1998). ©] ]

3, TENS7} AlAWSA B30 njx]= ato] gt
9= v gah Bk opy el ERYsh AFR] Al7EA)

off &gt A+ % whd AEHEE S5l niAle aufet
T AR EAE T Y S nAle ake AE
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A o] Al TENS &-8-2 sodium enflurane (.5-2%)=
o8 T viH ol A= ArkSluka 5, 2000;
Somers¥} Clemente, 2006). TENSE 2]-8-5}7] %’_]6}01]
o] 9 AAT 5, A5 B2 FAE 0% ol
(thano) 2. 4-55415), o] A4S A Hgtitol
F2ke] H=-2 53ko TENS (Intelect NMES, Chattanooga
group Inc., W|=7)2] M7|A =5 7k6k9laL, A Hell=
2027 W4 100Hz, WE 20008, s A9
7}/\];@ ‘)Fé OHLE]X] oj—g ;@]Ei }\—1}]—3}.@;]_
(Sluka 5, 2000; Sluka 5, 2005). A¢-S o] WA=
= +2yo] F£sto] 3] AY(sacrifice) s} Tt
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1) 71AA oldF AA

7141 A S X7 Al= von Frey filaments (41, .70, 1.20,
2.00, 3.63, 5.50, 8.50, 15.10g, Stoeling, Wood Dale, IL,
W3E olgalo] wleto] 714 HQ A2 Sk
splerol A ke Sake 9AE 24sigich el
ke 24al7] A A2 A%t 3w A
of 2e7 EHa ofAAF(2S x 28 x 10em)o] Y
B0 A8 T 4 s AR 2T oF 03 A=)
A7zbo] AT F, #0] 48 ol Selsin A A%
Ato] 2 AFF3lE von Frey filament2 ¥HE-g A=
&tk von Frey filaments7} 9F7F L8812 A=2 Z+
sikaetol 3~42 4= A=F35H3laL, 7 Ao s
skl slsfukgo] dofubrl o= HFsteict
(Bennett, 1991; Kim &, 2003; Lee &, 1998; Maedai &,
2007; Somers¥} Clemente, 2006).

ZAHH 2 yp-down® i (Chaplan 5, 1994)2 S35
50% 2loukg-& Skt 2= filament®] e
20g @31mN)OR AlZHslo], Ao 2 whe 5jn]ehs

Fug-ol et g oA Zre7h 242 filament =
AL 71k, BTel) gk 4 whgo] et
g &A A7t A filament 2 A=-& 7hsklct 15
g ole] Ae 27 &ae] 9ol YoiA FHakA]
2 W 7Hsl(sensitization) S &©°]7] $3l
< T A5G} 50% HAo] HER

Dixon ®H ol whe} A]8§a} th(Dixon, 1980).
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—@— Ipsi-lateral (n=20)
15 - —O— Contra-lateral (n=20)

Withdrawal threshold (g)

A » Y o\ @9 1}?‘ 3«

Post operative day (POD)

Fig. 1. Temporal changes of withdrawal threshold
to mechanical stimulation, von Frey filaments,
following the tight ligation of median nerve
in rats. Dark circle means the changes of
withdrawal threshold in the ipsi-lateral
forefoot and open circle presents the changes
of withdrawal threshold in the contra-lateral
forefoot. * denote that the values significantly
different from the pre values(p<.05). D: days;
W: weeks
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Time-course of TENS application

(B)

—@— TENS (n=10)
3 —O— Placebo-TENS (n=10)

Withdrawal threshold (g)

s ™ W ™ & RS A\
N %
Time-course of TENS application

Fi

g. 2. The effects of transcutaneous electrical
nerve stimulation (TENS) on chronic mechanical
allodynia to von Frey filaments on (A)
ipsi-lateral side and (B) contra-lateral side
of hindpaws in the median nerve-ligated
rats. * denote that the values significantly
different from the pre-application control
value and # indicate data significantly
different from the corresponding data in
the placebo-TENS treated group (p<.05).
min: minutes; D: days
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27N Mg F 250] TENS 29| 3]
4+ 5g0]%1, £9) TENS 72 45 + g0 2
9g0] Hjo|Z Mok EF A& F 359] Fujel
TENSTE-S 5.5  5g, 29 TENS & 3.6 = 3g0 &,
SRR R oF 19] Aol S Lrekick(Fig 3-A)
9] Fw o7 35 Fok TENS % 49

TENSo| ©J3t M5HS Lpehfx] ekoteh(Fig 2-B).
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Post operative day (POD)

—@— TENS (n=17)
—O— Placebo-TENS (n=17)

Withdrawal threshold (g)

v(“‘ 1‘9‘ ﬁS; '\9‘ \“6 »ﬁ“ gﬁ‘
Post operative day (POD)

Fig. 3. The effects of transcutaneous electrical nerve
stimulation (TENS) on the induction of
neuropathic pain following peripheral nerve
injury in (A) ipsi-lateral side and (B) contra-
lateral side of nerve-injured rats. * denote that
the values significantly different from the pre-
application control value and # indicate data
significantly different from the corresponding
data in the placebo-TENS treated group
(p<.05). min: minutes; D: days
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- 71AA A=l thigt Sjajke-2 7]
% A7sold oA oR 5 WA 55
O = (Bennett, 1991; BennettZ} Xie, 1988; Decosterd
Woolf, 2000; Hofmann -5, 2003; Seltzer 5, 1990),

AT BEA7 2] ofsje] 35 FF fols}
A UepETh 3L 2 dAtollA Al A% A 3l
AR = OF 14g0|90aL, 29 F 78, 4U F7g, 74 &

Sg. 109 F 43¢ 7 o] HAHOR S5 oIx7} )
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e Ko

=
X E50) 75 FAolchle 5.

o O
wae AR A3HEY 55
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A ek A74%E
2004). wetA], £ G

hus O O OO
o NZFH R P W ol WET L AT P2
A i e e Abedc B dgeh uss)
A Yi B2 AFABT HBNHY B8 £ Fol
AR, 98, 38 A5HFH BF T Hus
SATHYi 5, 2011). o] BUL 417 £4F 5 1857k 55
BEL VASRGT 8770 714 §39 R 37
U o5 &4 A SAR HHES Buse s
of el Aol M fE)7] olele Aol A %
N7 R 4 B 5L FUT whE,
QP £BLIVZFD 2 o YRFF LT 22 A
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WA EGE 2429 S7K(dorsal hom) X F5 ]
H(dorsal root ganglia)of| Al W OFH-F-ARA4E-A|(mu
opioid receptor)®] ®r&-S 7FAA|F 1(Zhang 5, 1998),
ol A § obH-F-ARA|>-8-H|(delta opioid receptor) 2]
WHE A Z{TKStone 5, 2004). 25=2] w &} § opd
Al A= 5 SACl Bt 8A=A 5t
Sl 9 A 2 (descending inhibition control)o] Toi3}o]
o= YA THTaylor, 2009). T2A17 &40l of gt
obE AR =EA 9] e FFEY
2, & AoA] TRAHEL 9
OFH A =-8-A| o] HS}o] ofs}o]
2 wah 2 Ao v A
A Fos R Aol mEH, A TRAA
& Aol A A oFLA| E(microglial cell)2} *Hof
A| 3 (astrocyte) @] ZAS Z7FAIATHYI 5, 2011).
Al 7J ol A 3 (glia cell)}-2 TNFq, IL-69} -2 J54
E7}2](proinflammatory cytokine)2] £H] W AJAJS-

AT, R R ABEEY 55
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A nerve crush injury)el )2 4 4145
£% ko] Bolsls SA02, uA o] okt 224
B mElol A7 4 F 15 5 05 e
CHBridges 5, 2001). WHPA, 2 AToA A 224
AWEA BHOR 1153 45740] AR B 7
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oz F2g
¥ AT WY AN B30 S Al
TENSS #§3to] Fnts o2 S50 78S FUs

9l 27g7HA] ZHAE| QI TENSE 28 305 THE] 1%
AE YERfo] 90 Foll= 2 2F avE YEy
of 7} o12] AZe) oF 41% 42l 560717] ALAZTL
ol H} H4Elo] MR Mg A A2 KA

.’ Sluka 5(1999)-2 914 9] &340 Carrageene 2
QS kgt 44171 TENSS 2027F 2 §-3}o]

]

=

et g frol g AFRE Faugl,
7F ©

AR FEE 243 W Shika S99 G B2
2 21T, Ea 2 QA A o] ofgt 550
TENSE Z-83F 4h 0|52 Aol TENSZ 283t
Holz 22sct, of Waka FYs7] Slstel 2
QAo ThE 4k melol A B 2710) TENS
a7je] Ajojg Agsof

ol2fet TENS ] AEET AL ol H AR
g Aagonist7h 1174854 BZel et ABA 7
a3t )25k chKim 5, 2003). & A4 g8
THIE TENS (-100Hz) = AReke] 85, 4 240jof 4
OFHFAMA| AEA|Ql B 2l & 23 (endorphine) 9] &%=
£ S7HF I (Han 5, 1991), ERE B Z=oof A T
oA A1 H Bl 2 A T (methionine-
enkephalin) & Z7A] Z thSalar 5, 1981). E3t &5
TFoAAE HES Ao § ofH-FAMA A A
(antagonist) 22| A] TENS®| g a w7} 2peke] gl
(Kalra 5, 2001), ¥-E o] FI W Afof| 4] TENS O]
4o NES BRYoR AT olelet ma}
= oFAAA=8 4] 232 Nalrexoneo] ©]31] 7}
) gl chSabino ., 2008), W 2lo] 1714 A1)
182 T3 AANA oF AR 84 ol ¢l mu
delta ~8-A| 2} A5 2-2-51= oll 7= (enkephaline),
| &= & = H(endomorphine), HERQ %= 2 3(3-endorphine)
EH|E Z7FA) 71t Han 5, 1999; Huang 5, 2000).
= Foto] & Aol A UEhd TENSO| M7 H5
S5 Avte AF 9 E@F, WA A s
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OE’(glutamate)fl} FA=N

FAAFH L (Sluka 5,
2005), Z <ol A GABASF 2> @1‘1 A AAA
229 BHE ST GABAA =84 A3
o] A7) TENSO] o3 e Arp7} Ajeke gt
(i 5, 2007, £ 19} 559170 A 2407

2 oMlslo] AlAHZ=A] E=0 oWl & TENSS A&

6 o= = = 96
A AR o] 28 B o} A T4
GABA®} 22 oAl 1AXY B YET AUE

/‘}Xﬂ Wt o}‘/]'j)r GABA%} % % 739t A AEA
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