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Effects of Acupuncture on the Muscle Fatigue Recovery in
Different Diameters of Needle

Yo-Sun Hwang, Chin-Su Park, Sungtae Koo

Division of Meridian and Structural Medicine, School of Korean Medicine, Pusan National University

Abstract

Objectives : The aim of the study is to find out whether effect of acupuncture is depending on
the diameter of needle, which is a possible component of dose of acupuncture needling.
Methods : To compare acupuncture effects in different diameters of needle, we measured the
changes in muscle fatigue recovery using surface electromyogram(sEMG) in healthy 8 volun-
teers. Muscle fatigue was induced by 20 times sit—up for 1 min. Immediately after induction of
muscle fatigue, acupuncture needle was inserted into ST36 or ST25 for 10 min by diameters of
0.20 mm, 0.30 mm, or 0.40 mm needles. The sEMG recording was followed by acupuncture for
30 min. As a control group, sEMG was recorded for the same period at rest after muscle
fatigue induction.

Results : In both of ST 36 and ST 25, stimulation with 0.4 mm diameter needle showed
significant rapid recovery followed by short period of muscle fatigue increase. Stimulation
with 0.2 mm diameter significantly suppressed the increase of muscle fatigue.

Conclusions : These data suggest that acupuncture effect is, at least in part, dependent on
diameter of needle. Therefore, diameter of needle is also considered to achieve effective
outcome of acupuncture.

Key words : surface electromyogram(sEMG), muscle fatigue, acupuncture, diameter of
acupuncture needle, ST25, ST36
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Fig. 2. Effects of acupuncture in 3 different dia-
meters of needle on the median power fre-
quency.

Graphs are plotted for the average values(+SD) of
differential rate of median power frequency value. *In-
dicates values significantly different(p<0.05) from the rest

value of each time point by the one-way ANOVA
followed by the Dunnett's post-hoc test.
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Fig. 3. Comparison of 3 different diameters of
needle in muscle fatigue recovery.

Graphs are plotted for the average values(£SD) of muscle
fatigue recovery rate value. ST36 shows the changes of
muscle fatigue recovery in ST36 point. ST25 shows the
changes of muscle fatigue recovery in ST25 point. *In-
dicates values significantly different(p<0.05) from the rest
value of each acupoint by the one-way ANOVA followed
by the Dunnett's post-hoc test.
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Fig. 4 Changing rates of median power frequency
in varying diameters of needle.

Graphs are plotted for the average values(#SD) of
differential time of median power frequency value. *In-
dicates values significantly different(p<0.05) from the rest
value of each acupoint by the one-way ANOVA followed
by the Dunnett's post-hoc test.

e Foz AAEHAE wlms HY FF 4
MDF¢} T+ o] wi/filsE 54T & e Al
& 77t 22 Zloz ¥l

AF7)e w2 MDFe #H3e A(MDF/t)S

galsledtt 02 mmALE A T ZAx =34
Al -0301/57 A= () 7l—°~7] H93 0.3 mm
AR e 201/579 () 714713 BT 04
mm A AlelE —8[1/&}4 () 718712 Bel
(Fig. 4). 1A Fig. 2914 & 4 9l%°] 0.2 mm
A Al MDF #47F QA= 2, 0.4 mm 2P A
MDF9] 74 o] w2 328 1o

O:

2 27H) gk ool 2 QA7
9% mddes R 4 It 2
A AREAE Jobd B ohlZt B F)
® 2le A3%4 A A4 3
a9z g AR A ma
G ECEREEIE TS IS
e Wi Fes 22 s
YA B R 2 o] %
10 mn W4 ATE 39 8

ol

I

A
o
&

2> i
i FlO

o
fru

‘}

rtr

pas
oy

o Ay Pl R 2 fu oojn (B > N do

2,
‘?‘_11
N
o e
4
351 _ﬁo
R
=
(2N
b o
\1 il :5‘.‘;
rie =
e l';l:l
TS
Tl
br
m\?‘a
01‘»0 o,
o b on

2
bt
e
rd

Ho
o,

(R
W
oXx K

fo g 0217%7‘113} 0 Needhngﬁé
£ato

= o

-

Li&rﬂ'
R iy N A e

ox 2
=
‘ln: 0_!_4

S oo 2
R
2
i
=

o 1o

el

U

o
o o8 41 rly >
2
e

0}44.4 o2
T >
oft %
ofN
_°,
513
ol Jl.] _l

rd

KU

}

B2

needhngﬁé A 4‘01]

-
==

r4
N
°

2
folr ¢H.
oL
Hdo
mlm
ni
[e3
o

g N

=

[ N -
o
|
o4
kK
B
rd
2
do
5

el

(o
N fou
024_, 1:11“_,
o
'
<{

ﬁ N
(o

|o
b
bl
0=
4
)
bt
|\
o,
o
e

ol mE >

mjg
L oop o o T id

o ok

o oft s

o
L o
lo
i

N

o
R
He
oL
o)l

4 rid
)
P
rlo
rd
b
—n
2
ol
2,

oy
Mz

14
X

-,
=)
Pl
a
ﬁ
g2
v
fd
i)
+

i %2

lo @

1 r
fol 1120 |

o

N,
=i
o
ol}l
N
>
fu
2
r4
i)l

N
-
o,
|d
feu

N
2 ofN g
o,

o

ofr

©

L o

U
-

o[ o o R D o R TR

g,
(T, W o 3% T
o

o )
offt >
01-}.1 &'Ll
u
>

tt
&

2
[

ofdt ™
rle ofnt
N
[
o

- 638 -



HAZTI|of e AEe| 2L 2 3= ojx= I

Aol 9] 29 Ao 2 cross talkEAE F
A AT o5 AEAGS 539 Sl
ke A2 A sl7) <)s) "H—% U—r il
AFgste) "3t e AR
ﬂ;(al o] 10 kQol| 717t A3 C{J_ﬁ]t‘ii(}ﬂﬁ‘o})
Zel2oa Buse] G AFRARA A
A gormz AU AT
"—Ml Z g vAA Ao
eIz AR o]t 2eke Ao
qe) @A)t Ae HAE

4
Fodl & Alededer A

;o
N
N
lo

N T y
N AT m}l 1 mlm =~
oy &
de a1l

o

au

b e
frt
o e &
> b = o 4

moeE BN

=2
(22
oty
oXx
acy
)
>
ol
Ol)l‘
o
—r
=)

|
> |

i 2 o rld B oAt boof afu fN b o Hm
)

2 o
o oy
4
L
N
3
f
&
o
fou
ro,
_0‘1'4
kM
=3
4
)
bt

O ot X rld L

2 b
fo rfy
M Ho
1 e
2w
33
Ay
o J@-’ 1t
f an

—_
(e

o7 B]—g;]

so, M
o
o>
I

2L

(
e

2
e
4
(=)
b
2
1-0(1
4 2
23
A
o o
=2
o2
e
=]
o
S
=
D
Qo
=

T
1%
=2
o,
)
=
=]
=
to
=Z e
)
=
i

-
o,
o

D:

ok,
oz |
_°,
i&

1)

ok

e

P N

g],/\ /\_\QEE-]
-

£
5]
()
()
J
X
rﬂ
[n
4,
2
-
2
SN2

R
£
ot f
o2 ‘l)’ r
Sk
= gt b
o o
j}_l-’
ﬁ;
Rord
_?‘_1‘
a2
A=)

Ko
4
o
lo
o
=
ol

2 34 = i
1Zo] dAal SAHAY} AAAow =7}
2 AFHY ™ wa 28 Aolg) 4

(o3
X

se

2=

N
A
1o
oL
o

c

Py
E |o
_?—l_l‘

o

we rlr
12

oft

2

Ho

ot

K3

R

4

rN

fr

(<3

R

A
X

Hy
i)
rlo

el e o el
Sof 4> 1 rlr

L
-
rle %
2 =N
4 oo
4
_?‘_1‘
rlr
o
>
rlo [o

=y
=
oo
jn]
=,
oo .
=
B

(FET)8te 2 F3ha 2928 £

A¢ Adsde. 2=y RHATe slam 2
fel Slzgel det AL B AT
£ 3k, F35 29EGe] AT o

EPE Aol gAY,

ZAATAEA | 9le]A RMSE full wave rec-
tification® sampling average(smoothing) & -3
THEAE(ZAAE, TEHE)E F BAdFAT
sEMG®] RMS7F & 23 (Force) = onl3hAl+= &
o +5 s AL5ELE 2Y2 8 AAR RMS
= YA FAE7] dEedd L2 s 2
Eﬂ°] ksl A= A= MDFe] W3tz ele] 7b5
siot, gh9] AHEY FHA el ZI R o7 A
HAEey Rxo WS A sl MDFE
ARSgiel, dubg o g I E s}t FobAw ZHHA
o g2 AER Rt AFT} YR FOE o|F
3PHA MDFZte]l WobAlE S veplied &
Fo] FEIHAYW TEAEY] HFEF o] F AH7H
AEFHA, & FE5H4A o] AA=HA ?:%*ﬂ‘ﬂ-‘?
714 %—5717&°] Aol 7] wjfolct, W BRI
7t A s 7gse 3 F7)7F AAA FHef /‘1
A3 AFI Aoz :%‘lf’; FEE e A =

L Aolg. o= xd%%-%]oﬂ/\i E o Slow
twitch fiber-typel S FAFRA AL &3 2
AFZ 44 I8 gon AFs ZHYE B
o] 3, Slow twitch fiber-type 2= FAFAA e F3HA

of oJEdte ZTARFEM A FEsAH 1F3
ZAGNE Beld Type 2 TARE ulo] 24l
ATPase®A] o] ob Type 1 Aol wlal] 2~3xH
w2y e L4 b, ZIE St A

Aol

type 2 A 4= type 12 =55
o2 YAFHA 0~500 Hzgell 24 gl 24
$le] MDF7} AF32 o) 53 43 MDF 2ta

£ 58 2925 g £ 9o

I EI} BAE 89 T AEE Feldlr] §
gzl ~mlE™ B 3 MDFRe HFE
94>(Mean Power Frequency: MPF)%te T3l
up i) o)t Asledy] BM Qo] oaiy 4%
o] 3|2 g W}E} I3 e asty ATk
Z7Vele, FIle A EHo] AFIHE o]F
o= /‘H‘%C‘] "ELEW Ut FI AHEHY
AMolxE MPFe MDFS 9% 4 gl&y 2
MDF7} A5 I o] sler o] A4 E
2 MRS 2 uedsle] 7pAF wo] o)Ly mz !
2 dFoME MDFE AM&ste] BA 3t

- 9

¢

el

" o A

- 639 -



g s
AeA7t $23 24ed. JER 3§
& MDF #3-&4(MDF/t)¥eh= A3 319

SHA 29 A" A At E AASEge] &
AATOE FF FARECA FolEw v 9

9 VAR e 7EATS 2
7F A& A 1% 5 mm F9]e FA sl

FaPukers} HaPo| HEE ek F A
A7 10 mmz 2 At gees AFE
9 e ALY TUHIHe spsdd
°] & specific mode2} 3tx WAHZE2] FFHY 7+
A&7 Z Cross talk WA & A== sl A
Fe I AT wESZoE 100~200 Hz
ECG artifact® #4317 $l&) 2258 AFE A
g3, AEy 22Z 2(AFA-FFA 4= 7

i
Ho
Doy M e
e AL o

MDFe] wsbe} Ao F7le] we 2z 5%
s wEsiole AT ez TRaE
QoA 4 =S YsgolA G5 F-2ope 7ol
1057} H=% 22473, dalelx 35 02
A& 300 FFA A 18 et 203 SIEYLT)7)
$EE Adom $EEE AT 1027 FHeA
0% F Aol BE 2AES] WAE 34309

]

2 ZY2eE vwsgd 5 3 AASA ¢x
FAs= AR 04 mm AR A 292 F747)7¢
o] ZrolAx whE 3E-& Hglow (2 mm A
Al 23|29 Z7h7b FA A o)A
) 27]9

$E FAFSE A4k AAEE A QA
Fau AT LT BF ols) RS 24
£ Walepbe neld 723 Fig AN 2

Tz H¥von A4T 2z 2o 3
a8l 22 27k F HRAL BE Aelol A
2 999 ARIATL ol ALz Bl o)
ol Wl A F7lo) el FEsEA Wt

~

HAEA = Aow weld 292 Frhee gt
2dh FFAZNT+7) BFF BF ZI2EF F
719 4 de AEAdE F 299 Fax

]
5 e el 4 gle FrrdTvr 2%

AA R HAO AFHE 4 e A
o] #F71¢k Tell B AR F 3]E50] Aelr} 9l
EAE galsr] ¢l 020 mm. 030 mm. 0.40
mm Al7HA 579 el He sdat APS 39
om Ao F7)o] w2 T2 eE Hlwaldeh &
T F AARA gy FA3E ARG 04 mm A
A A 23R FIPIzhe] oA whE 3Eg
Bojow (2 mm A AldlE 23R Frp)
A A= o] ARAHAE Sl AF7]el o
g} 2923559 Afo|E Felsgon XsEH
o wgt AF7E AdE 4 e 2ARES} 2
T 9E ZoE AlsHd.

INER=

This work was supported by a 2-Year Research
Grant of Pusan National University.

- 640 -



HAZTI|of e AEe| 2L 2 3= ojx= I

o

Mo
rak

. Filshie J, White A. Introduction. In: Filshie J,
White A. Medical acupuncture: A Western
scientific approach. London : Churchill Li-
vingstone. 1998 : 6.

. Romita VV, Suk A, Henry JL. Parametric
studies on electroacupuncture-like stimulation
in a rat model: effects of intensity, frequency,
and duration of stimulation on evoked anti-
nociception. Brain Research Bulletin. 1997
42 289-96.

. Lao L, Zhang RX, Zhang G, Wang X,
Berman BM, Ren K. A parametric study of
electroacupuncture on persistent hyperalgesia
and Fos protein expression in rats. Brain Res.
2004 : 1020 = 18-29.

. Bigland-Ritchie B, Cafarelli E, Vollestad NK.
Fatigue of submaximal static contractions.
Acta Physiol Scand Suppl. 1986 : 556
137-48.

. Duchene J, Goubel F. EMG spectral shift as
an indicator of fatigability in an heterogeneous
muscle group. Eur J Appl Physiol Occup
Physiol. 1990 : 61 : 81-7.

. Krivickas LS, Taylor A, Maniar RM, Mascha
E. Reisman SS. Is spectral analysis of the
surface electromyographic signal a clinically
useful tool for evaluation of skeletal muscle
fatigue? J Clin Neurophysiol. 1998 : 15 :
138-45.

. Aaras A, Veierod MB, Larsen S, Ortengren R,
Ro O. Reproducibility and stability of norma-
lized EMG measurements on musculus tra-
pezius. Ergonomics. 1996 : 39 : 171-85.

. Viitasalo JH, Komi PV. Signal characteristics
of EMG with special reference to repro-
ducibility of measurements. Acta Physiol
Scand. 1975 : 93 : 531-9.

. Yang JF, Winter DA. Electromyography reli-
ability in maximal and submaximal isometric

10.

11

12.

13.

14.

15.

16.

17.

18.

- 641 -

contractions. Arch Phys Med Rehabil. 1983
64 @ 417-20.

Gerdle B, Henriksson-Larsen K, Lorentzon R,
Wretling ML. Dependence of the mean power
frequency of the electromyogram on muscle
force and fibre type. Acta Physiol Scand. 1991
» 142+ 457-65.

Karlsson S. Erlandson BE, Gerdle B. A
personal computer-based system for real-time
analysis of surface EMG signals during static
and dynamic contractions. J Electromyogr
Kinesiol. 1994 : 4 : 170-80.

Mannion AF, Junge A, Taimela S, Muntener
M, Lorenzo K, Dvorak J. Active therapy for
chronic low back pain: part 3. Factors in-
fluencing self-rated disability and its change
following therapy. Spine(Phila Pa 1976). 2001
;26 1 920-9.

De la Barrera EJ, Milner TE. The effects of
skinfold thickness on the selectivity of surface
EMG. Electroencephalogr Clin Neurophysiol.
1994 + 93 : 91-9.

Hemingway MA, Biedermann HJ, Inglis J.
Electromyographic  recordings of paraspinal
muscles: variations related to subcutaneous
tissue thickness. Biofeedback Self Regul. 1995
20+ 39-49.

Petrofsky JS. Frequency and amplitude ana-
lysis of the EMG during exercise on the
bicycle ergometer. Eur J Appl Physiol Occup
Physiol. 1979 : 41 : 1-15.

Ament W, Bonga GJ. Hof AL, Verkerke GdJ.
EMG median power frequency in an
exhausting exercise. J Electromyogr Kinesiol.
1993: 3+ 214-20.

Luca D, Luca V, Duta M, Sbenghe M, Stan
M. Comparative evaluation of the genetic
toxicity of organophosphate pesticides by va-
rious mutagenicity tests. Rev Med Chir Soc
Med Nat Tasi. 1984 ; 88 @ 531-4.

Christensen H, Fuglsang-Frederiksen A. Quan-



19.

ol

sl o

0.
H>

titative surface EMG during sustained and
intermittent submaximal contractions. Electro-
encephalogr Clin Neurophysiol. 1988 : 70 :
239-47.

Gerdle B. Larsson B, Karlsson S. Criterion
validation of surface EMG variables as fatigue
indicators using peak torque: a study of
repetitive maximum isokinetic knee extensions.

21

- 642 -

L upElS - e

J Electromyogr Kinesiol. 2000 : 10 : 225-32.
Vollestad NK. Measurement of human muscle
fatigue. J Neurosci Methods. 1997 : 74
219-27.

Basmajian JV, Gopal DN, Ghista DN. Elec-
trodiagnostic model for motor unit action
potential(MUAP) generation. Am J Phys Med.
1985 : 64 @ 279-94.





