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Effects of Pain and Functional Recovery when Low Frequency
Electrical Stimulation and Aqua-exercise Applied to Sciatic

Nerve Injured Rats

Kim Young-Eok, M.D, Ph.D.
(Dept. of Physical Therapy, Dongshin University)

ABSTRACT

This study was investigated the effects of pain and functional recovery when low
frequency electrical stimulation and aquatic exercise applied to sciatic nerve injured rats.
The rats were assigned into four groups; Group I (n=20, control group), Group II(n=20,
low frequency electrical stimulation group), Group II(n=20, aquatic exercise group),
Group IV(n=20, applied low frequency electrical stimulation and aquaatic exercise group).
Each group measured hot plate examination, sciatic nerve functional index(SFI), c-fos.. In
hot plate examination, group II, IV showed effect than group Iat 14 days after
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injured(p<0.01) and group I, IV showed effect than group I at 21, 28 days after
injured(p<0.01, p<0.001). In SFI, group II, I, IV showed effect than group Iand group
IV showed effect than group II at 14, 21 days after injured(p<0.001). group II, M, IV

showed effect than group Iat 28 days after injured(I

= p<0.01, I and IV = p<0.001).

Effects of pain and function recovery when low frequency electrical stimulation and

aqua-exercise applied to sciatic nerve injured rats, group IV were most effected to sciatic

nerve injured rats. As well as group II and II were effected to sciatic nerve injured

rats.

Key words :

Sciatic nerve, Pain, functional recovery, low frequency electrical

stimulation, Aquatic exercise.

sEa4e $4 A% gy 2
Y 5% X]H}]‘S}-‘z- 14, 15, S1, S2
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, WA HAGHA BE Fo2 4
5 } g)tHDoubellz} Woolf, 1993). &
gEAF] Qo FFE =T ALF
(spontaneous pain), 813 A= Zd F
g = %—55’—}‘?_](hyperalgesia), 233
AFe| 55 =7 o|Z%(allodynia) F
o] EAS 7}A] 2 Ath(Bonica, 1990).

A4 Ye WA (degeneration)2 AlZA X
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X ZeHDumitru, 1995), 3E}A A =u
289 WA, 497 £El%} 25
2 FFE BB s Yo
A9 —.%(denervatlon atrophy)é s

grei(o]¥g s}, 2000). %P
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X8 9dgdMe BFH 758N
el e AZYAE Agstn g,
S8 2247 £4 9B 52T 7157
gole F2 AFgA7|AZ(low frequece
electrical stimulation)®} -5 X] & (exercise
therapy) & 3:]%3]»'7 N THGuyton, 1986).
AxAAAATE FEpad B A
EE?°]“’1((Kahn, 1994), 53] dAellM X
WHoz  AgEe  ATNARAAR
(transcutaneous electrical nerve stimulation)
& Melzack®} Wall(1965)0] 2t dt FAIA
FAATS Ay FEAA AT & F U
T #EXEAY HAFERT 99 FFAA
et A4 olHA Y FRAMol VurS

1 ltHHughes. 1984). Minor$} Sanford
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=
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HEHY TFo A PTuS BA
o2 Eof gt ‘Q‘fﬁlﬁl/\] ZHpaw withdrawal
latency; PWL)& hot plate ZA}
(chapman 3, 1985)7} 3,1_0_131, w3 o
fag A=S Jhetd 34 A
gelt 44§29 1,
°ﬂ§ B3 (Williams §, 1990)3}=

f A AHimmediate early gene) c
EE Bt 99z s B
o] Ab& 53 glth(Abbadies} Besson, 1992).
Asguel U AAbpEe BYAREY
(walking track analysis)& &3 FHF4177]

& A|4*(sciatic function index; SFI) Al
Wg Jda] AMg-3lal glth(Bain 5, 1989).
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A7t B AFSA LEE 2611°C, &
55+5% 2 FAIBtATH &4
A Fol dt9ed, HEFrIe 1242

stk

32 e ’Qﬁi‘ I,
1A4&4 & AEFA7A2T S Hed
&

Ketamin hydrochloride(#|}2}, £3HF3))
15 mg/100gE WA 9] FEZF o] FAlsto
A4 kA FBARES §

3 LEF AgeE AR Fo o
TR AFE 1 en A
=EAZ F AE HAE o] &3 2
0% ASYE FHG FAFe 2%
¥ Gentamycin(5 4 242 ok,

FAFsta Povidone(Green Co.,

£ W
ik
r>
o o to

Korea)&
Korea)o 2

4. HEIPHIIXS

AFHA7IAF L YA A7 AT (Best,

Dynatens 301, Korea)& Al&3l5oH,
Ketamin hydrochloride(#|E}2}, H3H43))

15 mg/100gE E7F

HF %—ﬁr—? 4 Hz, 4EHE 200 ps& A
&3t 25 l Hehte FEY F==
Ao A= # ﬂ?éé*&% fr

@%3}%10111 HITAFES F 4959 1
d 13, 2024, F 53, 457 HE&3A

5. £32T

1

FFEEE ®ol 1m 712 08 m, A=
0.6 m9] AHt 26l 484 E(pool)& &
gk & 32~35C2 #Astgen, F
i?'— 4?—:1-1—131 19 1024, F 53,

FEHoR FF

6. Hot plate A}

7]%3}74 %S hot plate YollAl #Wx
0 HEAD F AFT Lx(l2T
7}%‘?} hot plate 9o T, FIAAEA

¥ 7, 14, 21, 2899 23S F

tlo

1% vt23 wige 3
0 cm, o) 10 cm, Zo)
80 cnd SEE ZAEE sl RS A
O HA WAz 529 BEE JIEE 2
3 T2 AEE 3 Tl 534 urEso
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lenght; PL), R HAet O A Lrpeat
ol¢] Ad(toe spread; TS), F WA} v
WA @7lg Alole] Ag(intermediary toe

27 715AF

spread; IT)olt}. SHRFE HBAFEAE
2 E(experimental)Z, 43L& N(normal)
22 d#Ae] NPL, NTS, NIT, EPL, ETS,
EITZ w3t &3 chHBain 5, 1989).

SFI =(-383 x PLF) + (109.5) + (133 x ITF)-88

PLF=(EPL-NPL)/NPL
TSF=(ETS-NTS)/NTS
ITS=(EIT-NIT)/NIT

8. $AZFH A}

N Xy HEO MA

2 4979 WA lue F347
A F 1Y, 7Y, 14%, 28Ye] Ketamin
hydrochloride(#|E}2}, #§H¢3) 15 mg/100g
S B4 el FAtsteq AAvtH ¥, H

< 21 e IFE 78R EA
Ao SHRAE AAstd HFas
3ty 21 gauge HlE
4 AE FAFI
o HPFE FYshe} H4
o HE E3lo wloz
Aue A&
tt. A9 HEE 3% paraformaldehyde -
3% glutaraldehyde - 0.1% picric acid 1173
Aol 2~ DAY F HA4 vHu
7)(Sakura 2040, Japan)E AR&3la]l FA| 5
mZ 23

e fl e
s JE

>
b
o
‘1}‘4_11
H,
o
off

fo mu wo ook A o

2) c-fos AL Aol

HAgE 2ZHHE  phosphate buffered

saline(PBS) 2.2 o2 ¥ M3 F o} gl
= 2AY AHEL AA3N Yid 1%

sodium borohydridez 1A]ZF X 2]3St}.
BezAdsag 93 ARRRes
0.3%2] #4ta}4=2(hydrogen peroxide) &
ol 2083 Mt oAl PBSE o2
W AM#3 F Novostain super ABC
kit(Novocastra Lab., Benton Lane, UK)E
AHE-3te] Normal Blocking Serum& 203
7t vt a 1:1000 dmE 3 A3 anti-c-fos
8} A (Sigma, F7799, USA)Z 4TCo| A &
¢ AHed ¥ PBSE AMHsin 4"
Biotinylate® Secondary Antibody® 30%7t
sl ksl ©hA] PBSE A28t al Novostain
Super ABC ReagentZ 3087+ w3}z
PBSZ A&tk ¢S ¢l DAB(Serotec
Ltd, BUF021B, UK)o] 1087 #HE& *
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Mayer's Hematoxyline(Sigma, ~MHS-32,
Usp) e 2 “H i%‘ ) (conuterstaining) & A A]
son, s2¢ Bo 58 FAdn &
Al & B4 g4
] 74 (Olympus Bx 50,

T UAEF TYsAt

2 A7 FATH 42 SPSS 120
ver. for windowsE A&t} AlZto]
£ 497ne BAH 5944 2HE A%
o one-way ANOVAS AA|319H o, ALF
AR o2 Tukey’s multiple range testE A}
39 2 B4 A #Y5EE a=0052
ARs Ao

1. Hot plate ZjA} Zxn}

N

AR & F AFFTEAN AF A7)
A5, £F &5 AFFRNATH FFL
T ALY ts 7Y, 149, 21, 289
Hot plates ©]83 2372 7Hpaw
withdrawal latency; PWL)S 2434t}
BE d¥Te Aol AHstEA HA B
ol 7tttk AL B weg 43
T BA%H  fF4E  oneway
ANOVAZ AAE 23, 24 79L AY
&3, 14Y(p<0.002), 21Y(p<0.001), 28Y
(p<000l)ell FAFHoZ FAF Aolst
AU} AAFAFAME 149 AF2 1
o Wi AYE H(pP<0.01)9 AFZE N
(p<0.006)oN A F2Ig Zol7}h AUL, 1Y
of A¥F M(p<0.05)7 IV(p<0.001)7} -2
3 Aozt Anerw, 2890 HAEE I

. &t s 282 M(p<0.01)7 NV(p<0.001)7}
9|3 Aoz} Yelytth(Table 1).
Table 1. The each group of Paw withdrawal latency (sec)
Time
Group
7 day 14 day™ 21 day™ 28 day™”

I 498+1.09 5.88+0.87 833+1.11 10.13+0.80

| 5.15+0.50 852+1.29% 999+1.04 11.12+091

m 4.83+057 6.72+1.33 10.74+086"F 12.2510.73+

v 5.65+0.58 8.74+0.99" 1158+0.70" ™ 13.06£1.137*F
*p<0.05, **:p<0.01, ***:p<0.001
post-hoc : ":p<0.05, T :p<0.01, T ":p<0.001.
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2. }3ZHH%1s X3 gAt T Zol7F YelstH(p<0.001). AHFHA
dre AdT o dis) 4ol AFFE
HIJNAE &4 T AYERo] HFnA7) O, o, WA g Ael7t ARer
= FEEE AFHAVIAST 2 #5EF (p0001), 21dele AFT I, M, VXA
28e g 79, 149, 219, 28U SFI /& ztol7t AL H (p<0.001), 28Y ol =
ZA45ch AIZF Aol wel oneway  AEFE I(p<0.01), M V(p<0.001)9A &
ANOVAE ZAAE & A3, SFle 792 Al o} &pol7t AATKTable 2).
o3k, 149, 219, 28U FATHo=

tt o

Table 2. The each group of sciatic nerve functional index

Time
Group ¥k LT * Kk
7 day 14 day” 21 day 28 day
I -85.67+2.42  -63.49+0.84 -51.74+1.70 -41.35+1.58
i -84.08+1.88  -57.39+0.837 " -4468+1.717 7" -3750+1.407 "
m -83.86+1.96 -56.09+1.077 77  -43.49+2.13°77 -3381+1.127 7"
v -83.80+1.78 -54.68+1.137 77 -42.48+0.787 77 -32.45+#2.047 77

*:p<0.05, **:p<0.01, ***:p<0.001
post-hoc @ T:p<0.05, T ":p<0.01, T ":p<0.001.

3. c-fos YHRPE °of ZaHLH, EF F Adole 4T
I, MA cfos T wentgo] o
cfos BAEAgeA vk H4 Fzp FANEO] HAoH, 49T Ve cfos ©
o I, I FAA &4 F 19, 79, 49,  #HAS Wetgol ofF Ard FAneo]
219, 28del BFAG &4 F 1‘2?4 7 BEEAG &8 F 8o H4¥L 19
doll & 49 TollA cfos T A Me cfos S e ARGl oFg P4
HHgol e Bole AMEZ} 6}7%1 FHgo] Byern, 487 O, MAAME cfos
Ueistor, &4 F 7de AgE I, WM, BEY WSl ofF oy ukeol
Vol Xe c-fos T A o] Wyt %“a‘ﬂ& w2ged, 4897 VAXe cfos &Y
g0l 27 ZaAT &3 F 1UYde Ao Aguee] Aol #EHA A%
EE A9 TolA cfos @R} Ak ti(Table 3)
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Table 3. The each group of C-fos expression level

Time
Group
1 day 7 day 14 day 21 day 28 day
I +++ +++ ++ ++ +
i +++ ++ + +
oI +++ ++ + + +
v +++ ++ + + -

-: Negative, *: Slightly, +: Mild, ++: Moderate, +++: Severe,

=
r
lo

ir g

247 £4L A dA JE
Ao r Ywtyoz 53 7)FA S
Fuksty, ol& fld B8 JFAA
g X853 HIWHEC ITHI
AtHLampe} Mannheimer, 1984). we}A
B A3es AY5ES 53 HSAAER
aqo) AFHANANTH £35S AS
3td hot plate ZHAre} FHIAZA 715 A
AAL 283 cfos EHAE A3 FF
o 7153 g v aRE FolEUt

Seddon(1943) & WA

fr te ¥

P

l'l

L20E &3 F &% A

g B85S 7\17'39-3 374 Fe=
25slgen, ARMZ A2 (neurapraxia)
L ABAFY Fae &AHA ¥ AE
gk GAHOE 75E FAT BFE T
3, & ARt A el Z2A AdHL
2 3Edd. EAE Z2H" d(axonotmesis)
& F2to] &4FHI FHARRIL FAE
B5E L, &2 A (wallerian

degeneration)®] Yojuy &£AFEY ofefe &

£, 22, AgAAe 5o shEA, %
WAz s F49 Aol b5k

AAE A7 A Hneurotmesis) & AT} ¢
B Z7 A &4E AR, AAIE
o] og: 2A7ZHZol Haslrh(Sisken,
1993).

Aol AH-HE

a7el =x @i ELE_D% 2
#E chromin gute 2 =<&8HA &
(Bennett®} Xie, 1988), HZAl7Ze] UR
A Z(ligation)3l= ¥ (Seltzer &, 1990),
HAZNBEE  Fh(freezing) A7l B
(Deleo &, 1994) T & 7FA7F o,
E d7dAe #3473 g d&4de
FAGL FAS EGAA BRAZAY A
Toll g Abgste ZTAA G SRR
g8 A3} ¢ th(Bridge, 1994).

dwrH o HYFES FFE Hikste
YPEurs HAblE mE3F AL neutral
plate ZA}, hot plate 7A}, Von frey ZAL
pinprick ZA}l, acetone spray A}, cold
plate AL F°] loni(Dowdall &, 2005),
¥ AT AHEE hot plate HARE &3
S84 A3 el A1 E3) 2ol A
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&
cfose FalEdH @50 LA AX
Yol weA 235z DNA-Zgo|y
DNA®] Z3st7] djie 27| fuadds
Z43le  HARIANtranscription factor) 2
223 (Dubner 5, 1992), Ao Me 1,11,
V,X %M Z¥5o(Bullitt, 1990
Harris, 1998), &3 g 2359 A
E2 A" (Molander 5, 1992).
FTUREH WY A58 Y=g
27 A% LEVENY Whe nYARE
4% $d £5759% =8 F3%:
HEAAR715AT ArpEYe]l de ol&H
I QtHBain F, 1989). FIFAA7)E A4
£ AREYL 71F0E RED A5 v
&g uYelyo(Artur F, 2001, Bain %,
1989; Demediaceli =, 1982; Rahul®} Tessa,
2000), A7 B3] e 022 31, Ftol
100019 <t fi EFE g¥HArtur F,
AFe Z+ 7R 4
ks *’F %101 iJ—HE 71585 xS
BIEuH 2 Aele #
él?é:r‘«] XIEEJ—P— v wat=d Helsith
B2AZ &3 ga TAHE TFH
AT FEH} F& 223 EYAEE
HEstu Jlon, GEH} o] B2 +7
&5 dole=d R EYA RN ARES}
T AFgAZIASE EFAEE A8
A7) Ho AF AMEHI 3o, 53
AFHANATAN AHDBANAFE F

A 2 HE 535 2FE dE] AHEEHD
AhLong, 1983). AHAAA7|AFL 2=
ol wet Ao Aolz} JloH, AulE-
IFE AFE UAAE olHESY dsH9
EHE S7HA §F S F4AA7]12(Sjound,
1977), IN=-AZE AFe 3 O HE
AedE FT7HIA 535S #2AdY
(Facchinetti, 1984). & dAtdA s AHA%-
IRE AIHABANATE AR,
ARNE-13E AYAZA7IATLE 244
Ay EEAAEE BF AFE § 9oy,
Bo Ue A#4E AiMe 5FY X

ot O}HE} 24E @4 731%'6}04% ﬂ

iﬂ—%— l-‘g- }D%(Whlte, 1995) E
T2 &5 #A #8718 AF
9 AAEFA, 2Y37L AFYF
T8 F71 71534
5 Hae A

T Arast A

o @ WALHA F2% SsHEg 2
A&, AHA - AgAHoz GARS ZHA
$tth(Davis & Hrrison, 1988; Skinne¥}

Thomson, 1983).

2 AT A3UAES WA B3
2 753%e A 48D AT AT
I FFEEY EFEF hot plate HAIS FH
AR AT 7“}, cfos FH FEE F
T EA AF3}
271433} *’F%% 2 W 488 49
, AZSA7]%
28 48% @@e D9 43858 48

O]
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g M FAdHoZ {Fofg axrl N
o WA hot plate HAA A¥E I
Ve 14 AFF 19 3] SAgHL
2 YT Aol7b Aoy, A¥E D
Tl fen, 2147 2890l AT
I V7F 793 ztel& BY o 43+
23 zpolE Holz gttt SHI A
At A 14 A 1o da 24
BAER F 798 Adstn 149, 214, 289
o A4¥F I o8] 49+ O, m, V7t
Fog o7t e, AFE NV, 2¥E
M AYE Oeez a77 I 23y
cfos B8 AzoMe FFAAEY 794
A APF 19 dis) A¥F 0O, I, VA
Bl&stA AV Jeigew, Azl A3t
ol w2t A¥T Vo ZAavt B F38
A vebgt
£ dFA 5?% 14E4 £ 1AM e
AFHA7|ATE A4 49T O} AF
BA7NAFHY FFEEEE I HET 49
T NV7b 553 71535 B E330l
qeH, 2193} 28Yole FFLEE FHE
3 AYT O AFAA7ATTH F5EF
< 7 483 AT VelAN 553 715
3Eo Bt afFAE ¢ F AN o
T 2zl &4HE &4 HI FRH
149 Aol g Ao] Yehte GAAEE
(Fawcett?} Keynes, 1990)] 2433 2 20
g fx(Currierd} Mann, 1983; Walters
5, 1975)3= AT 7|AF0] FHSAUABE
A ¥ 1UYo) $23 A5Rd] B34S B
QA Aoz AzEH, g A7l oA
A& B A& 3
o] 2E¥ 2 &

o

r
4z
o1
L
AN
4r

Ql

(Van Meeteren 5, 1997)3lo] =8 &%
o U AN HEGAA o

2

A& Z7HHerbison 5, 1973)A|#H A F1A
NAFTEYG §FH 7SI EA EHE T
2% Aoz Aggch a8y Azl A
HAA FATFIIF Ava, gejdAol
A2 APHes 14UY FREH SAE 24
o H=d x_‘==r°ﬂ Fo7 FFo] dojut

A RAFE B £5H Z5FE F
el Xi-r‘-ﬂrx*ﬂ Ax& A7 AY 2o
(A, 199), B9 2He olgd &
Fe5ol #UuAz 93 HEFA 34
of AEAR FF FH& FAFoZH
(Sarikcioglu®} Oguz, 2001) ZHIA7ZH&EA
T 2197 28YX FFFH 715 E B
g 538 & AR AlREY ol &4

H(2002)0] HSABEZE FUT WA
A EEAETC] 3F FHE 753 Eo| w
2ZA BT Ao g9
B dF3e AFFANATH 55
yste A3 AdT NVE T3S
o, 487 Nt AFHAA7IASY At
FEEEY 27t BT Yo, o
TAAEG WY F5F VT EA A
FRA7IATH FTEES A FHESH
o4 5% 715¥ES AU JS5E A
ALt}

x&
_>,4_

2 ATNE HBAAE WA B3
S olsHud AFAANAT L FFEF
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.

ol MiX& AFHE YolHY] 3 &4
1Y ANE oA e AT |
HAAFE Qe AYE 1, £2
449 AYF W, AFRAAS
F95¢ WA 48P 49 Vew 4
o, hot plate ZAl, HZFA7A 715AF
Al HFFZEY] cfos B Ao XA 3}g}
AurgS BAEY oS e AE9
=gt

7

Ho _>i
w2 oft N

Eodd qr mlo
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o x
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5o W 7
39 553 7]
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oo ¥
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Hol o

X

¥ Plooff o
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kl
M
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oY

ofl r_>:. ol o

3], Z71d, 749
, 76-77, 2000.

4, %4, 928 : Burstdd nwls
BB A IAFAE AP TF
Ao Ao v FF v gFE
2| x| JZALEE3] X)) 2(2);1-15, 1995,

A Mg, A

1

435 0 FEEFO] SREIRAY T
#d 4, FEREAE, FH HRe
9. Agstn ASoistY MA=E
2002.

o2

HA AT AAEEY FFA EYHR
el Aol 7T FHFA nA= Y
Journal of Health Science & Medical
Technology, 29(1);30-39, 2003.

o]y g} : wEol FHEAE E4d
g7 siv 2 WS w52 m3
€ ¥% nUTn diEd, MHALEei=
&, 2000

olAgt 1 M7IX =8 tiEtA Y, 1992,
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