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The effects of pulsed ultrasound and continued ultrasound intervention
before an exercise on maximal voluntary isometric contraction and

range of motion of exercise-induced muscle damage
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Abstract
Background: The purpose of this study was to investigate the effects of pulsed-ultrasound intervention and con-
tinued-ultrasound on the MVIC (maximal voluntary isometric contraction) and active ROM (range of motion) re-
covery of before EIMD (exercise-induced muscle damage).
Design: Randomized controlled trial.
Methods: Thirty subjects who are student in their 20s at a university participated in this study, these subjects
were assigned into three groups, a control group (n=10), experiment group [ (n=10) and experiment group Il
(n=10). The subjects in experimental group were intervened by pulsed-ultrasound and continued-ultrasound, while
ones on control group weren’t by any intervention after induced EIMD.
Results: First, In comparison of the MVIC, in the among group comparison, the MVIC of continued-ultrasound
group was significantly larger than those of other groups (p<.005). Second, In the among group comparison, the
active extension angle of continued-ultrasound group was significantly smaller than those of other groups
(p<.005). Third, In the among group comparison, the active flexion angle of continued-ultrasound group was sig-
nificantly lager than those of other groups (p<.05).
Conclusion: The above results revealed that the continued-ultrasound intervention before an exercise had a sig-
nificantly improve of muscle function after EIMD. Therefore we can consider the continued ultrasound as a con-
siderable intervention method to prevent or reduce an exercise injury.
Key words: Exercise-induced muscle damage, Maximal voluntary isometric contraction, Pulsed-ultrasound, Range

of motion
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AFEE QA RS AR o] wolzold AA| Alf @73/ (homeostasis)S A A1 7171 918F =8-S 8f
8 o] Feje] AA s s Fol Folstar Stk AAel T AE5A A= & e AxE o
IAA 7124 A7 AR 4 A 9] 3 N FD
WE, 2018). 1y Hsk F o sk A AL o Hlojd AAA A= 25 vYHE Xéiﬂ =
shAlZ W ol 2}t 235]8 & B5, RE 8), Al
71402 Frofghe] Qlo] & Fojasl e s, 2005).

= < 9] 5% &) (traumatic induced muscle damage; TIMD)¥} 5 34 5 £/ (exercise in
duced muscle damage; EIMD)C. % #5538 5= Q31 53] EIMD+ <52 Zdo] W37} e A4 &
Ao AAA 5 oo % AE Sof o)s WAlS= A07 Wy 9tHHubal 5, 2007; Warren %,
2007; Proske$} Allen, 2005). EIMDo]| 9J8f s B30 gutd o7 2.4 Ao A 714 Asla, %5 5
24~48A| 7o H o Z v ¥ ™ (Symons %, 2004), ©] & ¢le] #E7FEE Y9 £ &4 58 o] 3HKCleary
%, 2005; Cheung -5, 2003).
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EIMDE % U|9] g = 3124 W3lE 0 7)= 1314 25 &K (primary muscle damage), 18] 31 ¢54
S, 2 A &4 58 do)s 23 5 £&/d(secondary muscle damage) . % wF & 4 SQlth
(Armstrong 5, 1991). 12 5 42 8 (sarcomere) 7} Al X 2] Q 4x(cytoskeletal elements)®] 32421 1}

=3 0] WS oFSIAZItH(McNeil 7} Khakee, 1992). 22Hd &5 &4 12k
A £ 3 EE=E g 1 el 954 WSl 28l %14 58 (delayed onset muscle soreness; DOMS)
doyin I Yr & diAS FEAZ Rk oplet A&7 29 3hA 55 vUER o] dAIAR] 2% Vs

o] &S doTA %D}(Close 5, 2005; Zainuddin 5, 2005; Clarkson¥} Tremblay, 1988).

9} & EIMD F49 ¢3lE Hd X a4 A WoZs A QW (Cheung 5, 2003), WHARA|
(Zainuddin -, 2005), YA E(Rowsell 5, 2009), FIMNAAFA E(HTZE 5, 2009), "IANAFHEY T} A,
2013) 1813 2SI W o]FF, 2006) s°] STt

A 54 53 A& F3 I (continuous wave) 2t W5 F 5 IH(pulsed wave) = =2
g3}, 5em Zolol] EASE 22 &) aHog g & 4+ lon WEx St
A HIEA a7t A HIE O H(Hemnessey &, 1994), 24 259] (YA 24, 1993), 7 &
o S7HEERE 2002), =AAA L] FH(Jia 5, 2005), FRIFRIAT LEl(HEE, 20010 EoA o)L
&kt Huang 5(2005)2 3078 2] 75 9ol A= thdAtelAl 1 Mk 2.5 wiene] A5=9} 25%2] WE57] =
5% MExaE A8ekdle Wl 252 Hd EAe) %, #E7FEE Sl(range of motion; ROM)& 2] 57
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Subject selected (n=30)
Randomized controlled trial
Pre-test
MVIC, ROM
Control group Pulsed-ultrasound Continued-ultrasound
(n=10) group (n=10) group (n=10)
Pulsed Ultrasound Continued Ultrasound
1M, 1.5 wren 1Mz, 1.5 wr/en
5 min, duty cycle 20% 5 min
‘ Induction of EIMD ‘
\ 24H : MVIC, ROM \
\ 48H : MVIC, ROM \
Data analysis
One-Way ANOVA
Repeated measure ANOVA
Repeated measure two-way ANOVA
Tukey
Figure 1. Study design
74 o~135°2] HeelA & o Az 5o &Y & 22% AL Fow d7sksith EIMDE= IRME 60%0
et FAE ol&ste] thidAte] wE3 o77E g E AdEielA 8% MIER el s Edd 0~135°9]
Helel M FAE 3] A Fon, 50 2 w= F_EXV} CoF S St 153] WA Sk Z1S Iset®
stol A SsetE: AAISHAL, ZF setrAlo] 9] FAAIRES 602 sFATHOITY, 2006).
2) 2313 X8
Z59 71719 ALAAL 5emo] I(Z5E 5, 2019) Z23Kus-700, ITO, Japan) S A3k 1M, 1.5 w/er 7=
2 5B wE 2gush A% 2398 Agagon], BEESRe 8Ty oyl 20% STk
AZSI)E ARG FIR Q% S lgah] S8 Add =¥ SEQemi)E A §3to] Hrae
BHAE A8 3L, Power Sonic Gellsr $-&7lel 288 2572 Au&s HFATHEAT 5, 2007)
4. 57 UY
D) Hoh SHY 2
=) %@—29] A FEY S4S ko] AA AFEE Atgl HAE 28 S A(TM Commander,
L USAYS AHgSIolTh BB FYEQ 9BFaA2) Ar) S 29 SHe] 9 A



25 A A8E A2} AE2II SEFIYDFEY) A2 BAEEIl0l MAE T 23

A v19A BRAL FULE Do AN UL 2297 A 2R
w ]l Aol A Sk o] Hs Al sho] AT} BaAsHA sklek AR E 2 sto] v ¢
Zee] Ao 524 ¥ (maximal voluntary isometric contraction; MVIC)S =73}, 33] A A|sH
iﬂﬂa’oﬂ‘:}. A w2 2A FAE A S Fol ofd thE B FEo A EES silon,

5] ARG Attt Hdl T34 5 Ho #tol 3% FA1E W] #s skl 5 -, 24, 48417k
oﬂ dA % 33 SAAHEFAR <, 2011)

DRV FYLA ABEDALL 5 =4 ¥ Bighe
£ Sk AN oA B AR F ukeh BAs ol n e o0oR YT BHEE) Fe Be
A% 713 JeeId SPs00m, Be favadze 99 5 45 St SERA e
=
[}

F A, 24213F, 484170 A F 33] 57513 tH(Blonna 5, 2012)

2 AT FAEE 24 WindowsE SPSS 18.05 AMgstslor Aok 3F 544 HAEES $I8] one way
ANOVAE Al&stglom, Atk 7 7|17hE s wE $8l vHES57 FAhEA] (repeated measure ANOVA)= 2|3

[e)
STk TR Tukey WHE O1EIAL, FUAFES a= 052 LY

1. 917 CHAMRIS O] UHIK EN

=21 1o
B AT 20199 5€ 7L 2019 5€E 9U7HA]
st AR 30S FAPAR Ao Hatvold
24.50+1.074), A& 35 T 24.6020.17A ATk, ti2t2] 7] 177.1042.84 ¢ aiJ. E‘i%&%uﬁffﬂ
 178.2043.69 em$ 01, A& 2SS 175.40+5.06 cmo] itk I tf 2o % 8
1, W20 it BEAE 67.2546.88 ke O, A5 2SS 69.7548.31 kgo]oh;} = %ﬂ oA
S wE w44 A A FAH {45 Aol gl t<Table 1>.

Table 1. General characteristics of subjects

Control group (n=10) PU group (n=10) CU group (n=10) F P
Age (yrs) 24.55+1.04° 24.50+1.07 24.60+0.17 1.058 532
Height (cm) 177.10+£2.84 178.20+3.69 175.40+5.06 1.203 490
Weight (kg) 69.15+6.58 67.25+6.88 69.75+8.31 0.433 332

*M£SD, PU group=Pulsed Ultrasound intervention before an eccentric exercise on EIMD of biceps brachii; CU group=Continued

Ultrasound intervention before an eccentric exercise on EIMD of biceps brachii
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2. MVIC

At kel MVIC 2ol & HHE57 #4HE4 (Repeated measure ANOVA)SH A7, Ae ] a3 %
M SATASE {23k Zfo] 7t A A(p<.005), AlZFE HAFA T f-2o) et w4
& 2 aRAA AN E gt 2ol 7t AU THp<.005). Tukey®] AFF3A A3, A%
MVIC7} A1 vEh o9 8291 215 & 5 QUSIt<Table 2>

g 27 oA ARt
1g-0] 919125 (p<.005), A
S Ire] thE el Hls|

=

Table 2. Comparison of the change in the MVIC among groups

Items Control group (n=10) PU group (n=10) CU group (n=10) post-hoc”
pre 15.75+1.77% 15.87+1.26 15.52+1.57
post-24h 8.09+.99 9.9242.58 12.86+1.57
post-48h 9.77+2.34 10.99+2.85 15.05+1.24
F 61.377 7.955 39.887
CU>PU>C
P time: .000* timexgroup: .000* group: .000*

*M£SD (kg), *p<.001, 'Repeated measure two-way ANOVA, "Tukey, PU group=Pulsed Ultrasound intervention before an eccentric

exercise on EIMD of biceps brachii; CU group=Continued Ultrasound intervention before an eccentric exercise on EIMD of biceps
brachii

3. EROM
At Zhl HA L Zo) 5 WS AR (Repeated measure ANOVA)SH A3}, etk W G331 g oA A7l
M BAEE O R Folst 2fo] 7} T (p<.005), Al AT T F-2)8k w3 A-go] ST (p<.005), F
o 2 g FoF ZFol7h A THp<.005). Tukey®] A7 A, A& Egvbro] v Lol HlEl
BAEZE S vEld de 2849 2ls & 5 S1SlH<Table 3>.
Table 2. Comparison of the change in the Extension among groups
Items Control group (n=10) PU group (n=10) CU group (n=10) post-hoc”
pre 1.48+0.42° 1.36+0.38 1.41£0.28
post-24h 2.60+.45 1.86+0.41 1.93+0.38
post-48h 7.10£.87 4.334£0.51 3.40+0.73
F 768.899 49.293 137.182
C>PU>CU
P time: .000* timexgroup: .000* group: .000*

"M=SD (°), *p<.001, ‘Repeated measure two-way ANOVA, "Tukey, PU group=Pulsed Ultrasound intervention before an eccentric ex-

ercise on EIMD of biceps brachii; CU group=Continued Ultrasound intervention before an eccentric exercise on EIMD of biceps bra-
chii

At 7 52 2fo] & WS A4S (Repeated measure ANOVA)SH A3}, ek Wl bAoA A7k

a R (p<.05), A7t} At M= F-235F wEa-g-o] Qo H(p<.05), F
o 7 ERAF N E 528 ZFo] 7t QA THp<.05). Tukey] AFE7A AT}, A& xS ubto] thE ol vl3)
A7 A vEh g 28490 AS & 7 UUT<Table 4>.
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Table 2. Comparison of the change in the Flexion among groups

Items Control group (n=10) PU group (n=10) CU group (n=10) post-hoc”
pre 141.00+4.64* 138.20+5.15 146.59+12.38
post-24h 111.30+6.53 112.4743.69 112.4244.15
post-48h 127.30+7.72 128.04+2.30 126.9+5.45
F 168.210 2.692 3973
CU>PU>C
P time: .000* timexgroup: .000* group: .034*

*M=SD (°), *p<.001, 'Repeated measure two-way ANOVA, "Tukey, PU group=Pulsed Ultrasound intervention before an eccentric ex-
ercise on EIMD of biceps brachii; CU group=Continued Ultrasound intervention before an eccentric exercise on EIMD of biceps bra-

chii
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#-g-o] AR H(p<.05), A 77 A3} EIMD 2 A A &x2539 o] thE 7ol vlE w3t
LR THp<.05).
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