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The purpose of This study was to compare the effect of Convergence-Based russian
current(RC) and transcutaneous electrical nerve stimulation(TENS) on pain, muscle strength, function of
knee who had a surgical anterior cruciate ligament reconstruction(ACLR). A total of 40 Participants divided
into 2 groups, with ACLR, were assigned to russian current group(RCG) or transcutaneous electrical nerve
stimulation group(TENSG). Both groups were measured by varieties of tests: visual analog scale(VAS),
knee flexion & extension muscle strength, knee injury and osteoarthritis outcome score(KOOS), korean
lower extremity functional scale(LEFS). Both groups has shown significant changes within the
measurements of VAS, Knee Flexion & Extension muscle strength, KOOS and LEFS. The RCG had more
significant increase within knee extension muscle strength, LEFS compared to TENSG. By studying this
research, both interventions were effective to ACLR patients, moreover, RC was more effective for knee
muscle strength and lower extremity function than the TENS.

® Key Words : Anterior cruciate ligament, Russian current, Transcutaneous electrical nerve stimulation,
Knee joint.
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1. A&
kAol t(anterior cruciate ligament, ACL) €732
2¥2 ZE A 287 (unning) & E88HE 5 A%
Agel A 3d 3k F5 4 F ShUE G R o

= T7o
oA WA ‘ﬂEﬂ =1 WA E & Hmeniscus injury),
ligament injury), =4 (fracture)
&Aoo R ZFsl7)E s,
b2 el A e AF]
hyperextension) o] U} -8k #h(shift direction) 2 2+
(landing)Alell wh2 Al &%) fvH2]. Ao 2+

I} 2 A7 o] A9 MRl A4 & (anterior

—~

cruciate ligament reconstruction, ACLR)S 314 %%

49 BAWHe] 3(desolation) 9} E-2H4 A (instability)

% o] x}# el +*b} a8 QE e 2 5 glon,
A A Tl %~(pam ), HA7FEHE A
SHlimited range of motion), (edema Zeoks}

(muscle weakness)$} 22 -’F———’E

Qlsto] LR BA7F AA %3}[3][4][5].
Joig 2l Z(quadriceps muscle, QM)<]  eFs}e}

28 ARl AN %) WAlele 1 £
S o %R <lske] REolal Ykl
Delee] AARA AAE) ol £% F BAe) W)
gRH $49), FERde] B4 D A By
& zelae, 22 A oK TR e fu
ol & F Q BAS AAINE A 2 99 F
7t SUEI7). wekA AEEe ARe faA v
Aulzeze) 2edsiel BEues AT 2 Q48

oA F83HA == & F shtolth8][9]. drie
g ok W TR A5 5L e 9
ki xﬂﬁ%xﬂ J%*EE 524 (isometric) % 5744 (isotonic)
Tz % &7](continuous passive motion,
CPAD, W01 ol ol AT, 1} A
G JELTt = o]y wjite] dg o] HoA|H

et oh e whsle A P59 R 7Hg
= How YT+ YE 2

23 eH3][10]. MFATELS

SHQ gER Zeads AHeEERage
A

)
m&:

-4 7] A =H(neuromuscular  electrical  stimulation,
NMES)Z 7434174 7 7] A} = (transcutaneous  electrical
nerve stimulation, TENS)©| AH&-5o]# gri11]. 2174
LAZNAFY] FAE BEUR FH5E AR HAl

oFH F(russian current, RC), w4 &4 =
(monophasic twinspiked pulsed current), %43
(biphasic pulsed current) & AM&-3hs A7|x= o
o7 ZH7}3) B ok o]q,]a]_ oY) &Aooz <l
T Y& (atrophy)o] UeERd &9 75358, AE94
o lﬂil HExd 5 E‘rohﬂ EX0F AL
2 HppsE EWAIZ] Ao s e
< o) Y43 (phasic muscle)®] 283 A48 7
(tonic muscle)2] A ol A HE‘r T 2937 R
=o] gItH13]. st YAk F= T3 ¥4 2 &g
Z) @1 2}2) & (physical factor therapy)QJr A el s
W 7 g3 g & Ao veytH14]

Aol A ghate] B5EE flske ARS8l A U4l
BR71A=-E 2744 (gait control theory)dll <A 3k
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S 31 4F o)A A AE giteE 2015 9Y 259
HE 2016 99 597H4 F A0S oIt e® Aldekl
o Q7 g AR thest e

7h ARG A ES w2 A

o x A Aol fle A

ok 71l Bigk Al Rae] gl A

ek 719k Bagel] FAI7F gl A

ol PRI e olefell A efatA Y

2 WEe] glay, Fe4dde] gl &

uh A3A 2 A Aol gl A

3 SAARIY AdE ol F dFolu F2kgo] 8
= A, d71ASel Hig T Rel s Al ATt i el

AT WA= A7 HAbd R russian current group,
RCG) 2083} 7512173 7| AF=Htranscutaneous electrical
409

Ao Aoz Hofivhs AW FoE Ukt
3 2 s WA dish 7] 952 919 3] (institutional
review board, IRB) A& A A& 5
sty FAXA AT tidAte] Ikl A4S
b3 ZT<Table 1>

(Table 1) General characteristics of participants (N=40)

: RCG TENSG
Variables (n=20) (n=20) p
Gender (m/f) 10 / 10 10 / 10 1.000
Age (years) 29.60+5.56" 29.70£5.52 955
Height (cm) 169.15+8.83 169.48+7.45 .899
Weight (kg) 70.55+12.63 66.60+8.58 .205

RCG, russian current group; TENSG, transcutaneous electrical
nerve stimulation group
"meantstandard deviation

2 e 3 H

s dod(ce pack)s o83 WAw
(cryotherapy) 2033 A &4 75 AAE5 A =7|E ©
3 FEHE JMEEES 087 FUSA g

W, A71RFE 47 Fo F 55 AAskgck

.2
Lk

it I

2.2.1 HA|PHMF(russian current)
2 ATE Qs yALHAF A=71(ENDOMEDSS2,
ENRAF, Delft, Netherland)7} AH&-E| o, 3+ dj=

= 3R] A== anterior superior iliac spine, ASIS)
o}Z 5em F-9] WS &0l ThE & H=E 3t
-5 (patella) $1%: 5em 791 WSl F2eksi). Fo}
“(frequency)= 2500Hz, &5 %= (pulse frequency)e=
S0pps, %717 Hpulse duration)& 400us, AAF S7HA17F
I AN 42 2%, @4 A7 (on-off ratio)= 1:5
2 1023 A5S AEsta 027t FAshe PAo=
AAsAY. L Ad K (sinusoidal wave)S A3}
A1, 2% A Hd 794 S-S (maximum voluntary
contraction)®] 50% Xt} =LA Ap=FaAL A AY
T A& WA F7HA AT 1089 55 13
2 3ol 23] FEA, F 2023 AAEIITHF. 111201

[Fig. 1] russian current (A device, B: intervention position)

2.2.2 AOMAMY K =(transcutaneous electrical

nerve stimulation)

2 dATE 98 A9NAE YA 71(EN-STIMVY,
ENRAF, Delft, Netherland)7} AH&-5 2101, 1% =
= 8] WAFES oftlF bem -9 WSl Eol,
U2 g% == o] FEM 9% Sem §-9] Ul
2as9t). ke 120H22 2Asn, WEr)ke
200ps = AAstnh 3HEE A o)A A Tt
(symmetric biphasic rectangular wave)E AR&-8}%1 1,
& e At Heksit el =7 a1, 5] THA]
9] 4=Z(visible contraction)®] WER}A] ¢S w7}
S7MINALH, F 2087 AAE 21l

23 EY =+
2.3.1 88
5 Fol Lt 55 WIE 249 918 A2
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AL A Z(visual analog scale, VAS)E o]83}ith
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] % (test-retest reliability) = F7HE] 2 & 3Hrheumatoid
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[Fig. 2] isokinetic dynamometer

2.3.3 TSl 2FEH ZuXknee injury and
osteoarthritis outcome score, KOOS)

& & B FESE Whsk] Slal dE
}?3 H9Jr HEd A7 AFE S o] MYstan
rxl ¢l g F& Aot HEE 23t %
AHE-SESA l?}[26] [271.

& *J%HS’Jr WA A A
A L-s 2173

%_)\]— ul A RA] (7

ot
Ho

7H918J o= "05]

52 galeh B 23 A5e) AN AAAL A E

Z4 9 AAA 0] 079, BZo] 089, DAATE 0] 075
=& 2 EoTe] 0.77, 4k "ol 0.79¢]tH26].

2.3.4 Cl2|7IsH=(lower extremity functional
scale, LEFS)

SRR AAE BAle] FE7%-S WUkl 93l

o] %01 Hosta et A9l =3t vy

S)E 4*‘13}0& E}[28][29]

16km(Imile)217], 1417 Sketslo], Heks 2 e,
w7 ke A gl kel gels Fok 4] B
dunu 7], Al A F27] 5 0744 gFoz T
%0 9le). 2t @me) A% 047102 030) 714 7]
AV} AT, B 8 el FHE A8 9
oE #29] A1)

2.4 X2 2
AT vhdpe] Quks B4
Bt A2

)

(independent t-test)& AH&-&FA k. E7)
=052 ARGt & A4 A8 BA 113]71:‘ SPSS
WIN Version 21.0& AHE-38t FAA 2] 35 th
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3.1 A|ZHE AAL ME(VAS)E E5t S &
&3 Hln
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Jlsol oixl= st 81

o A7 A A= wxﬂ 1—?‘% A3 e *ab%i
A PA TS 4951.23cmol 4] 3.05£1.43cm & v4
SHA] 4481 3(p<O.0L), AT E 7 1A F7-2 50041.03cm
oA 265t1.04ecm e & FrolatAl 748k tHp<0.01). F
W3F B Wkl A Fofdt Alo]7t flATHp>0.05).

3.2 GrizjuiZenz S44 23 23 Hla
dokelelzel Ao £o08 S5 uneld oA

SHFE wd o] TAl A 10281458 17N/mell A
24 AR 8 o] %o 119.30+61.10N/mE EA8H4 o

2 fFYsiAl Srkekded, ¥ 2Ex FA A
219.29t10548N/mell~] B84 QAAAE o5
368.83t140.9N/m% Fo% F7HE R ATHp<0.01).
AR ANAFTE 5 Lo 87.56+35.28N/m
o A 9758+41.97N/m=Z, # o] 172.73+76.64N/mol
A 19740+ 11113N/m=Z F-2l8k S7He R ATHP<0.05).
Tk A oA FE5EY] v 2T fofs
Aol 7 A2 Hp>0.05), ﬁé SN AP Fatol

AN A A7 AZTHE} 528 2Fo] 2 B ATHP<0.05)
<Table 2>

able omparison within and between groups =
(Table 2) C i ithi db (N=40)
Classification RCG® (n=20) TENSG"(n=20) I
pre 4.95+1.23 5.00+1.03
e post 3054143 2.65:1.04
VAS® (cm) diff ~1.90+0.97 ~2.35+1.10 175
b 0007 0007
pre 102.81£58.17 87563528
4 post 119.3061.10 97584197
Flexion (N/m) dift 16.49£31.71 10.02+19.75 443
b 031" 035"
pre 219.29+105.43 172.73+76.64
Extension (N/m) post 363.83+140.95 197.40+111.13
* diff 14954+102.16 246645163 000”
b 000" 046"

“RCG, russian current group; "TENSG, transcutaneous electrical nerve stimulation group; VAS, visual analog scale; p<0.05, p<0.01”",

significant difference between RCG and TENSG

(Table 3) Comparison within and between groups (N=40)
Classification RCG® (n=20) TENSG"(n=20) o
pre 46.27+8.37 39.60+12.24
Symptome post 52.32+10.89 45.46+12.13
’ diff 6.05+6.34 5.85+9.32 937
p 1000” 011
pre 42124837 52.59+10.61
Pain post 65.69+16.55 66.77+12.66
diff 23.58+16.49 13.49+15.27 052
p 000 001"
pre 66.03+12.81 56.32+14.73
ADL post 76.40+12.22 66.76+12.65
diff 8.31£14.40 10.44+19.05 692
p 002" 0247
pre 15.75+6.34 16.25+8.09
. q post 27.25+1251 2150£7.62
Sport / Re it 1325:14.98 525+9.3 050
p 1000 022"
pre 31.95+14.23 33.45+12.90
QoL post 48.45+12.93 41.05+13.96
diff 469+881 6.25+10.54 614
D 000" 016"

RCG, russian current group; "TENSG, transcutaneous electrical nerve stimulation group; “ADL, activities of daily living; “sport / re,

sport / recreation; “QOL, quality of life; "p<0.05, p<0.01""

significant difference between RCG and TENSG
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(Table 4) Comparison within and between groups (N=40)

Classification RCG? (n=20) TENSGP(n=20) o
pre 31.95+14.23 33.45£12.90
C post 48.45+12.93 41.05+13.96
LEFS diff 16.50+12.14 7.60£13.33 033"
) .000™ 020

“RCG, russian current group; "TENSG, transcutaneous electrical nerve stimulation group; ‘LEFS, lower extremity functional scale;

"p<0.05, p<0.01”", significant difference between RCG and TENSG
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