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{Abstract)

The purpose of this study was to determine the effects of high voltage pulsed current(HVPC) and
low voltage pulsed current(LVPC) on posttraumatic edema formation in frog hind limbs,

In this study, 16 bullfrogs{Rana Catesbeiana), weighting 182g to 340g, were used. Limb 16 anesthetized
bulifrogs were systemically injuried by weight drop. One hind limb of each frogs was randomly selected
to receive continuous 120 pps HVPC and 100 pps LVPC at 90% of motor threshold(HVPC : 33.3V, LVPC . 02—
1mA). The opposite hind was remained as a control. A series of six 30—minute treatment(interrupted
by 30— minute rest) was begun minutes after injury.

The results were as follows.

1. Cathodal HVPC has been shown to be effective in curbing posttraumatic edema formation in frogs,

but anodal HVPC did not effect.

2. Volumes of hind limbs treated with LVPC were not significantly different over time from those

of untreated hind limbs.

3. Therefore, waveform(HVPC versus LVPC) seems to influence the efficacy of electrotherapy for edema

control.

4. Electrical stimulation were not increased edema formation on frog hind limbs.
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Fig 1. plethysmography
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Pig 2. HVPC and LVPC treatment set-up
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Table 1. Means of frog hind limbs by cathodal and anodal HVPC Meant SD

% cathude anode

time side right _ right anode

pre-test L0110+ 0011 0112+ 0017 0156+ 0062 0172+ .0069
1 0133+ 0019 0150+ 0028 0163+ 0069 0188+ 0077
2 0152+ .0009 01734 .0027 0187+ 0074 0198+ .0080
3 01362 .0011 01574 0025 0191 + 0076 0201+ .0082
4 0118+ 0011 0152+ .0024 0192+ 0077 0193+ .0080
S .01321“.0020 0157+ .0026 0187+ .0075 0184+ .0077
6 01231 o011 0154+ 0020 0181+ 0070 0193+ 0078

' 7Repeat six times respectively * p¢0.05.

Table 2. Results of one-way ANOVA for repeated
measures demonstrating effects of cathode
and anode HVPC

pole  side 8§ df MS F  signifof F

cathode right 4441 6 704 3.631 M2
left 8226 6 AN 2274 076

anode right 4844 6 0807 185 986
left 2249 6

0374 082 999

Table 3. Paired t-test for cathodal and anodal
HVPC Meant SD

item t-value df p
cathode right/left -5.63 27 000
anode right/left -3.80 27 000
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Fig 3. Volume changes of frog hind limbs by
cathodal HVPC
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Fig 5. Volume changes of frog hind limb by
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Table 4. Means of frog hind limbs by cathodal
and anodal LVPC Meant SD
cathode anode
time side _right ~left right left

pre-test 0106 0015 .0109% .0020 .0149% .0028 0154+ ,0022
1 = .0128¢ 0020 0126+ 0018 0162 0019 0165+ .0030
2 01401 0023 0136+ .0015 01671 .0014 0162+ 0018
3 0127+ 0018 .0120% 0027 0170+ .0015 0167+ 0017
4 01252 0017 .0123% 0015 0167+ .0021 0167+ .0023
5  .0118% 0025 01141 0023 0163+ .0025 01631 .0019
6 01121 0017 .0112% 0021 .0161+.0023 0151+ 0015

Repeat 6times respectively *p<0.05

Table 5. Results of one-way ANOVA for repea-
ted measures demonstrating effects of
cathode and anode LVPC

pole side ss df MS F

] signif.of F
cathode right .1601 6 (0266 5641 001
left 1920 6 .0320 7467 .000
anode right 0935 6 0155 5508 .00l
left .1483 6 0247 10489 000
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'Fig 6. Volume changes of frog hind Limb by ca-

thodal LVPC

2.
S
-

e
1=
=1
7]
A

—o— treated limbs

—~&~ untreated iimbs

- &

0 : 1 2 3 4 5 6
TIME OF MEASUREMENT (HOURS POSTTRAUMA)

MEAN LIMB—VOLUME CHANGE(ml/kg)
©
=1
5

" Fig 7. Volume changes of frog hind limb by anod

LVPC '



N. &

3

AVIARe €A el Qe eoii Ue &
A& 2] @ Eobojrh. I Aristoteles?t 717 oA
g2 A71Y WAL WA oJHE Hr)HEe B
THE AFs fct

A71E N3N 2%y A7 dider AFAE R
178037 o)g&lol2] Luigi Galvanioloh 11 W77}
7] 9 A71YE Yobd ¥, HVE o185t AP
gol BHAA 2ol Yoivtr AE BFUTG
Alessandro Volta:= A8 7+ opiz} #& 2ol 7]
TFAME M77t gA@cky &% Diuchenned
29 8oy vhu|e A5 UL AFE AR
Erbs £537 wugE A7sted oAt 3
#ald k(o) e, 1993).

a2 ¥z AVNEY A= ALHe ged, @
AR o] Z28E 8] st HEHol gn
(Lewis %, 1986) #1884 91432 AH(Scott &,

1986), Bt 2032 2 (Schmitt, 1986), F-84

12 oH(Gibson ¥, 1988), AMAfeol I
(Brown3} Gogia, 1987) % Z# A% a3 o8 §3
23 A3(Jette, 1986) ¥ B d77t gEE D Uck

vze wxchfyo]l oitel o) mM@oz
28 RozM AEY YASHYo A TR
olFHo walM MAe Y# WE tEANEE o @
Wae BTy dEo] @@ wAUL A2 130
843 fick(Taylor, 1991).

WwRHoe REARE YR, W &F3 AY
(elevation) ] led] ¥PAaE Y HE VlzAEe
Yo} #4& WA BEE AU FEsled
PP g o FAY FUYFE Fo4FR o
geby $2g Ay B Yie zANYE
fusn 23 &4& Zhage B¢ HEAHY U
gt BRE guisiad AeBolA @4 AT ¥
do] F&E FoM 238 AT Byt ol
Fo) AL} S)R qputE A3 Y o2 7I7Ale ©
#& dol=alMe Ecks Ao AFP g vt
3717} ol diel stk 2 dger AR &
48 AHE FYe) 2o o4 peave Y9
dxzol 3EL FAANUdE e el et
217} GAEREL AL UL AL UL F

glrhs @3ol el o2t B EE Bédtuxt &
FE Aol AT ARejct

Rzo #Y g AXNZe FE AYATIFE
AYg-ste 1 AnE 203 etl(Betany T, 1990,
1992: Fish ¥, 1991; Taylor ¥, 1991), 145 A {9
E2& microsecond(200us) M LYY 7|2k Edol
253 (twin-peak) o) @4+-g 7HAH of 7]of ALR-H=
Agte 100VETH &b o)e} e IPWFHFE I
Hgold A e A HH(total current) & Fo4A 84
oA mEo] glE microamperew$e] HH{EE g
233 @437 Y3le] nodE A8 wyelct ol
e IPABARe FFAuddE FARFo 27,
2 2& FolxE o5 U Newton 1978).

B A3 Me 3190985 343(120 pps. duty cycle
25sec, 33.3V, 05— lusec) 2 228AT} &3 Hfol
MNe 229 oA At AR SFedMe d2ER
2tol7} glejd M4 A7 (Betany F, 1990; Fish %,
19D & A sied 33 X ZolA A5 2 72
Ao thatades 2 & AEFAHQ) As Pz v
Pt} A3 dFE ool =, Reed(1988)E 1
A E AR GRdel g BfAe] &g A
AgezA 2F ¥A4E dAATIed AAHolgde
ol&g +YsiAct

A AP H4 2 F 1 B (low voltage interrupted galva-
nic current)¥ Karnes $(1992)¢] 2YAFHFo}
ol A8} 90%52 02 17 AFE A FF A ol
A7 g Helehs 7Hdstel HEAU o1& (bipha-

s e AR7E B olF B ede=

AL {3 HFRE A3 ¥ 7S Vi @
DU EAFe} 2 620—630 microsecondZ AP &
#9th 2 ¥ Karnes(1992) & Bettaney $(1990)¢]
AR TR E A 79} A (5microsecond o] AW A
P2 243 8 microseconds] FHAYAE X&Ho 8 75
microsecond®] @A 1AL 7HF 120 ppsel €3 A
LAFE AHE A0 2394 A YA
B ATIME dirHe 2 A Ee BA5EEHRE
ALg 3l HA7MA S S B2 0B R A5 EH
FF3 &3 BRI F AMY #o4¥ selE ¢
A#A 28t Karnes $(1992)3= 28 He7t
o7} sleut A#E YA vhebtct Karnes(1992)
& ngRfel AGAFe Aol FAoR Y3}



-5 W3 o8 g4d dEe &5 HE skAn
ojFel ¥E Rz Rojz] B3 JwsiAL} Yy
223E W3 vvido] Y oz §E¥E £5§
Yactn stk

E g o]lgoz RF Al JUE A 890)
DA AFelet & = ok Zteju nPAF A
Fof ¢ AzE b At BRYQEH Alon
7} DeDomenico(1987) & A7l A3F& 5 ANAAE
A58 He £3E Y2 U KEF AR
H%g A% ok 1 9o g3 Avte My
59 W} (Abrams, 1976; Ebersol 5. 1977), €<t
R APEFe) AsH(Ebersol §, 197D & Rashgitw
I e ANd Bax ook & 2343 aEe
Aoz FEE F7MUGE Abrams(1976)9) 1
19t ZAPrhe(Owenss 3, 1975)MI0t U3, &
A7} gitke Wong Jeite(_lQ_Sé)ﬂ .!2..1_5. it

A7) A3e) AAolM F4Y(polarity) &. FRY H
%7} =) Fish §(1991)& 120 ppse| LYAFAF2
30—40V Alole) 075—-10 uco g 34 A% 3
Aol A7} AN o) At FHo] ¥FeAe)
289 A4l UFHYEN B ATAME 1o
A5 AYAENF R FIolME ARt
9lo} FishSel Zsl YNsRen, BFol o 44
A e A% MY A7s YASR).

Alon#} DeDomenico(1987)& 2 F31{o] A
A A3E A YA electrical field phenoimenon) 2. 2
e salch 23 9¥e HaE I4E 9 e
Ag 711 BNAE YTV Qo ol FAUGA A
24g o} 33 AW £0E A 44 2HG A
Ak o webrk A3 o) E(electrical field the-
ory)& #7t 4% £%9) IYUEIRE £V ¥2
Z28g A% AR AU 0|83 2AHE H¥H FHL
Aol fusid A FAHFe 4% F7(duty cy
cle)¥ 120 ppsoll A 0.16% THo) 2457 f Eo Mt
ARR Ao afeby ol =5 AMIPE &F

ey} Newtondt Karselis(1983)& AT YoM+
i} 9 7)(base) B H448H7) H2of AbgelAlE 100V,
8-82 ppsAYAFHFE 3082 13U W pHe)
Wl dojubal sk AE wsn o AR A%
e AU Yol etk stglen Alond
DeDomenico(1987) 9} #o] @xg oz G of
F¢ AAHPes HTHE DYAEAFE Hgo)
2% $3o] A Yo £93 sy

BEYHel oYy Fygol Bl Reed

(1988) & histamineo] &% o|HYFLZE FE de-

xtrano)he B39l 438 wAAUGD e o
Re A7) AFo) PpEBY TRl FYL WD
2Z ¥4 4%L2 Fdu € 4 Ak Nannmark
£(1985)& N #sk LH(5-50uA) B Ao} BaAY
45 30— 160%0] A & vl HERe EHAol 37}
391 3183 (macromolecule) 8} WP T2 {&o] Y
ojget. o] FE AFE @ 2N W& 59 YPTI}
Y fold Bad oo e ZA%Y dse gl
g %92t Reed®t Nannmark ¢ Bu8 3

Ak A7) AFol Y vl A YT B Adtdcn

B 4 ok
ole) A7 & FUHA AYNFYH) 23 VRE
23 &4 % w2 N W &4 29 F99

C UZY viEReRRE g% & fa4d AA

qAuc Ao P DYAFAFE ASY o o}

etk o ozt nYAEHFe P vIhe vl
#7) BB ol T4 dgoldE of e e Aol
8-l welM Alon# DeDomenicot: =8 ALE
HE BFo) AMAA @ olftn UL, oAE
o}z o]2 %Q)(anophoresis)o] Yelrtty ®AlolaliL
A4 A

HAY B2, P BFHD AT FFo|
e AL &4 Bee Yol SAHAY BB
Y% wdo] 224 Hu 2 AR o8 P&
#r}

DA F AR FFAFE vjAYRe] TRy 7
2A71U 3 HRE $ESHA ¥ gog A7 ¥
as

REgd AJAINRE fAHY HHY BS
Heg 34e ddo] Fasich gozE Az A
Pollr) Hgsel 1 AJ}E W Yrlol 3 olgj@
Wl e REgalr vl ol ANARS 23, gde
g2 MY Fol o)g¥ 4 UL Helch

V. &3 2

19H(120 pps, 33.3V) 2 1.1?1._‘1‘1%31#(100 pPS,
02—-1mA) zk30] 7iFe Sidele] £FAA] of



HE 4%E piXerhE golry) ¢std g R
£3¢ 22 fYUIes Ao ANHow
£48 AH 308 AR 3k3 308 F41& 8y
AF2g72 &3¢ ¢ A g 2o 2Ans
dith
1 2AAFAFE A3 do SFHFolMe
FHF BEAA AnRst AR AFHHF
My dlzeg zlelr gldct
C At S (S AEE e dn P g
&3 25N dz2F3 olrt glich
. AL ¥ 1Y BReA AVIAFT A FFe] F
7hale @e JEeEhR gatch

olA% I AN R Y. dAY,11- 15, 1993.

Abram' SE : Increased sympathetic tonés associated
with transcutaneous electrical stimulation. -Anes-
thesiology. 45.. 575— 577, 1976.

Alon G, DeDomenico G : High voltage stimulation
. An integrated approach to clinical electrothe-
rapy. Chatanooga. Tenn . Chatanooga Corp, 1987.

Bettany JA, Fish DR, Mendel FC © High voltage pu-
Ised. direct current : Effect on edema formation
after hyperflexion injury. Arch Phys Med Rehabil,
71: 677681, 1990. Brown M, Gogia P . Effect
of high voltage stimulation on cutaneous wound

- healing in rabbits. Phys Ther 67--663, 1987,

Ebersol MJ, Laws ER, Albers JW . Measurements of
autonomic function before, during, and after tra-
nscutaneous stimulation in patients with chronic
pain and in control subjects. Myo Clim Proc, 52
. 228-232, 1977.

Fish DR, Mendel FC, Schultz AM, Gottstein Yerke
LM : Effect of anodal high voltage pulsed curtent
on-edema formation in frog hind iimbs. Phys Ther,
71 724—733, 1991,

Gibson JN, Smith K, Rennine MJ] : Prevention of
disuse atrophy by means of electrical stimulation.
Lance' T 8614 : 767—70, 1988.

Guyton AC : Text book of medical physiology. 5th
ed. Philadelphia : WB Saunders. 397 - 443, 1990.

Jette DU : Effect of different forms of transcutaneous
electrical nerve stimulation on experimental pain.
Phys Ther, 66 . 187—193, 1986.

Karnes JL, Mendel FC, Fish DR : Effect of low voltage
electrical stimulation on edema formation in frog
hind limbs following impcat injury. Phy Ther,

71~8118. Abstract. 1992,
Lewis DM, Amond WS, Resendorff C : Stimulation
of denervated muscle. What do isometric and
isotonic reéox_'dihg tell you? In Nix WA, Vrbova
G(eds) Electrical stimulation and neuromuscular
_disorder. Springer Bérin. 101113, 1986.
Mendel FC, Wylegala JA, Fish DR : Influence of high
voltage pulsed current on edema formation fo-
llowing impact injury in rats. Phys Ther, 1992.

‘Nannmark V. Buch F, Albrektsson T : Vascular rea-

ctions during electrical stimulation. Acta Orthop
- -Acand, 56 . 52—56, 1985.

Newton RA : High voltage pulsed galvanic stimula-
tion : Thedretical bases and clinical application.
In : Nelsons RM, Currier DP, eds. Clinical ele-
ctrotherapy. Norwalk, CT : Appleton&Lange,
165182, 1978.

Newton RA, Kerselis TC : Skin pH following high
voltage pulsed galvanic stimulation. Phys Ther,
63 15931596, 1983.

Owens S, Ackinson ER, Lees DE : Thermographic
evidence: of reduced sympathetic tone with tra-
nscutaneous nerve stimulation. Anesthesiology.
50 . 62—65, 1975. .

Réed BV : Effect of high voltage pulsed electrical
stimulation on microvascular permiability to pla-
sma protein . a posible mechanism in minimizing
edema. Phy Ther, 68 : 491495, 1988.

Scott OM, Vrbova G, Hyde SA, Dubowix V : Effect
of electrical stimulation on normal and diseased
human muscle. In Nix Wa. Vrbova G(eds) Ele-
ctrical stimulation and neuromuscular disorder.
Springer Bertin 125— 131, 1986.

Schmitt O Treatment of idiophatic scoliosis with
‘daily short—term electro—stimulation. In Nix
WA, Vrvova G(eds). Electrical stimulation and
neuromuscular disorders, Springer Berlin 132—
143, 1986.

Taylor K, Fish DR, Mendel FC, Burton HW : Effect
of a sifgle 30 minute treatment of high voltage
pulsed direct current on edema formation. Phys
Ther, 71 . S117. abstract.1991. »

Wong RA, Jette DU : Changes in sympathetic tones
associated with different forms of transcutaneous
e’lectric@l nerve stimulation in healthy subjects.
Phys Ther; 64 . 478 -482, 1984.



