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Abstract
Background: The purpose of this study was to investigate the effects of pulsed-ultrasound intervention and
continued-ultrasound on the PPT (pressure pain threshold), CK (creatine kinase) and LDH (lactate
dehydrogenase) recovery 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 I (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 the comparison of the PPT, there were significant variations with the lapse the time in three
groups (p<.001) and there was a significant interaction of time and group (p<.001). In the among group compar-
ison, the PPT of experimental group II was significantly larger than those of other groups (p<.01). Second, In
the comparison of the CK, there were significant variations with the lapse the time in three groups (p<.001) and
there was a significant interaction of time and group (p<.001). In the among group comparison, the CK of ex-
perimental group II was significantly smaller than those of other groups (p<.001). Third, In the comparison of
the LDH, there were significant variations with the lapse the time in three groups (p<.001) and there was a sig-
nificant interaction of time and group (p<.001). In the among group comparison, the LDH of experimental group
II was significantly smaller than those of other groups (p<.001).
Conclusion: The above results revealed that the continued-ultrasound intervention before an exercise had a pos-
itive effect of muscle function after EIMD. Therefore we can consider the continued ultrasound as a considerable
intervention method to prevent or reduce an exercise injury.
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T3 Ak e nh ek o) wslel whel 17k AlA] EEo] FFHEAEA] A, ¥l ol g} o}-of
A7 21E Agro] A glom, 53] 2A&E 2] H52 18, G, IAIZ, vnt 2 A5
W ZFEAA A3 BAYES wola JUrhFEE T, 2011).

oj9} & AWE oata A T W FAE fl5te] do]E Egold ¥ 2 oy TR AA el
e shar Qlov o7 BEs ks AT AFRES 258 ol ©F AXE S YHoE s E5F0]
HAgste] 58 ek A97F Bk wEbA % ol e S5 FS A5 £5E AdlEte 24
A ZaA el %5 AE 7T S tkClose 5, 2005; &80 3 o]Fd, 2006). 5438 A v} 118)9
ke FUEe AlAl B UAas oprlsta o2 Qe ¥, Ik, BNty e 7 A Ee] SUleta
om, o]gf3t TAE S5 Al 5 FAvE Ax = YA WSS V)= AFEC] Boluhal 9l A0
CHALE -, 2011). 22fu} A1) Egol] F7]2 0= Fojste] Qlo] & o2l 5 F 7/ =i &5 &40]
2kl & 4 ATClose 5, 2005).

45 E4

97 5 &K (traumatic induced muscle damage; TIMD)¥} -5 24 8 &/J(exercise in
15t

duced muscle damage; EIMD)C. & #3738 4= 9lom, 53] EIMD:= 252 Zo] W3yl A3k A4 %oy

= Al AAA FHE 2398 % FE ol g BAyshs 202 W w9l tk(Proske?} Allen, 2005;
Hubal ‘5, 2007; Warren 5, 2007). 53| EIMD®]| 2J&l ML &= T it o g .4 HAgolA 7 Heka,

5 § 24~48A 7o & A E v (Brock Symons 5, 2004), °] 2 Q3] WHEIEHLAL +H &4 5=
o}7] 8K Cheung 5, 2003; Cleary 5, 2005).
Agtstd Sl AgA 2ol o8 ZEAEE T, S| AER, Bt 71U} A obel Q14 A Ax(creatine

kinase; CK), ZAtgFi4aash (lactate dehydrogenase; LDH), Myoglobin 5-2] & U &5 S7MA714, 53
71 0

=
L5 9] Ak AFT 2o ARG AA|F 07 Aakste] Zaufol Abagl PPt e] IS ofr]slo]
B5EAT A&H 2eEYY 25 2458 UAh 52 FEStKPizza 5, 1999; Clarkson®} Hubal, 2002;

Cheung 5, 2003).
o] g} 28 EIMD S0 9812 98k Eu| X823 S W 0% & npAlA](Zainuddin 5, 2005), P A FH(H &
447, 2013), WA E(Rowsell ‘&, 2009), 78 HAAA=A 5 (A2 &, 2009). 2F2 Q5 (Cheung 5, 2003) 71
\“41 Ze I EE U olFd, 2006) Ol 013}

4 2A LT A5 Fh) $& AWEARh: 42 ol

Z5h= 7F A oA ] F Aol e Y =0 F2
5‘}01 AT A58 o® ol o] §5a glom, v AR A5l vls ARE- WRo] s s 7 AL
Ao dET S, 1993). X 58 253 X &% S I (continuous wave) 2} W5 253K pulsed wave) ® T

% 9T, Hemessey(1995)= M5 285171 77414, 8544, 471421 vldd &97} e unaglon, 24

FARR A4
Fh: A oA 82 T2 319 dgeollhE Y Belx184), Ask 061-640-8951, E-mail: dathnight]4@naver.com
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T As@daT 10745, 1993), 7 £52 STHEERE 2002), =AY FX(Jia &, 2005), w3844
Az Bajatelss, 2001)0 &3 olgtar &

Tiidus 5(2002)> 2275 9] tdatoll Al Sl ZFadeg el & &4 F2s & a2 38 1 M 1.5 werd] %
9} 25%°] F7E 8t A g A} S5IX 2] Fos wiskE HRltka 8131 O H, Freitas 5(2007)> W52+
TS 1Mz 1.0 wer' FEe] 54 WE 22595 E4E S50 FEste] 93 K] sEE ERlE = A
gelakqltt.
ERAC

014), 217
2 2SR, 2001)0] @A oletal B Qi T
(2007)> SFatetdd ol s OO R A&Ex53E 483 A3} T35 QA S (visual analog scale; VAS) 2]
2t = 2 T4 2ol EIMDE
2 8% CK ¥=9 /23
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A7 GAl HEfgtoll A 9l wa s e R & 9] A E olsistar Fojahilnts X E A4
sholth A Folahz 308 & tde® vl (10%), MeZw v 48-r(10%), EIMD 3 & A &H253 48
T0B) R Al IFO R o] el ALl A9l vl $ daskalth A9 V1Kt gl 2 At At
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=S N2 I7E SR FA Y] EIMDe VA S dobry] 913 20t
eSS o R thxw, EIMD 23 A e 253, EIMD 2 A AS250r 02 Bl on, 92
Al EIMD i A Wls g kol AS2Euts A8ete] Eoixgh D v RriabtEel mAs <
T2 Fobran Ao whE i gre] Aol S wlwskaik skt 2} el sidshs WS 48] A e
At dF YRR FEE S, MEw kel AH2EvE A89 § 24, 484170 A2 Y
Hem SAsglon, S99 Aulsis 50~60%, A& 24~27 CE fAskalth & Ao 545 &
Agatr] Sst A A= v Figure 13}

Subject selected
(n=30)
Pre-test

PPT, CK & LDH

v

Control group Experimental group I Experimental group II
(n=10) (n=10) (n=10)
Pulsed Ultrasound Continued Ultrasound
1M, 1.5 w/em 1Mz, 1.5 wicen
5 min, duty cycle 20% 5 min

v v

‘ Induction of EIMD ‘

v v v

\ 24H : PPT, CK & LDH \

v

\ 48H : PPT, CK & LDH \

v

Data analysis
One-Way ANOVA
Repeated measure two-way ANOVA
Tukey

Figure 1. Study design

) 28 7Y 2 SYEIMD) 7

EIMDS +2A1717] $13) obd S AREake] Hl9AS S #3829 IRMS S350 0, thdz7t Hag
4 0~135°2] MM & shH Hul2 5o 2 5 e FA9 oz A4St EIMDE 1IRM 2] 60%°]]
dGeti= FAE o] g3sto] didAte] E53) o7t 1

=
g Aol 8% MIER el s Zdd 0~135°9]
WA FAE 8] A Fom, S0 28 s REArt R9FE5 SRtk 153] WkEsh 1S Iset®

sto] A SsetE AAISFA L, 7} sethtol o] FAAIRE 6022 BFAATHOITY, 2006).
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Z53 71719 48142 5em©]| 3L F53H(us-700, ITO, Japan)E AFHEste] 1M, 1.5 wien = 554 9%
Kol =
=

A

et A% 2evs A86lon, Wexsae £857](duty cycle) 20%% S
A&7 ANE FAR A she odetr] Al A =9 HEQemis)E 88k AR-A ]

BHAE FABIAL, Power Sonic Gell= $HEAl 288 2590 Ards =JAHEET &, 2007)

EIMD & %L% Qﬁﬂ% v wsk7] §1s8)] vA g s %57 7] (Algometer TM Commander, J-TECH Medical,
A EAE BT AUT 2 59 05,9, 13 em flA[of] FHCF slo] P& 7hE
o] Azt = Al Aol A EH”XV} ‘O} sk AElE UESete] 1 11 f %
Sk & F@tgks At A4 S5 2 EASe] A VIR w9 A
2, 24A17E, 48413 e A F 33] SAsNloH, S =275 S

ol A7V} #& RStk s et A3, 2012; AEE 5, 2019).

2) ¥ |2CiAtAE

ARG BAal7] 8l &5 7, 24478, 48413kl A Atgl o, cm LDHE Z43glc) 189 AP
S a5 Aol ATEH] A 1080 9 Beleto] HAS Bl F AALAIE o] falo]
Atk AP AE A A FES §A5k3, A2 JAAA A T2 mﬂol Aol @Al AT 5
A= ShsIFthEd s 5, 2011)

Windows-& SPSS 18. O% AREERRlem Hok 1t 51 8-S 9138 one way
i=]
b

AHE2 (repeated measure ANOVA)S A &)

1. 917 CHAMRIE S| 2EIM EN

A 54

£ A= 20199 59 7UHE 20199 59 947 A GA] &A1 HAlgtwe] @ ASHAE F w3 S
g AT Al 302 ) AAE Asigl o] ol glof el 24.5551.044), AP 12 24.50+1.074,
AP = 24.60+0.17A AT}, thZ2re] F7]= 177.1042.84 enlal, A1 9 Jﬂ?ra']t 178.20+3.69 cm% ©.
n], A= 175405506 cno] Tk, ok th2o] B ZWA1= 69.15+6.58 ke, A3 71 9] HF B35
T 67.2546.88 ke om, AT+ 69.7548.31 kgo| Atk BE 7o ANHH %*éoﬂ % A 1H A3 A
4 folgt AFoli= §lSlti<Table 1>.




Ho
off
)
i)
o
i
N
N
B
oo
i)
o
Eﬁ
f

Table 1. General characteristics of subjects

go) B33 2o AL A &3 6l

Control group (n=10) E- I group (n=10) E-Il group (n=10) F )4
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, E- I group=Pulsed Ultrasound intervention before an eccentric exercise on EIMD of biceps brachii
group=Continued Ultrasound intervention before an eccentric exercise on EIMD of biceps brachii

E-II

2. PPT

A grell PPT ztol& WHESA AREA o A3, Ak of g gelA ARtelA= A8 A o7 {93t
zZFo] 7k AR 3 (p<.001), AlZH}F Hezre A= 23 wazH-g-o] Sl om(p<.001), Fet 7+ Az G oM = F2
st Z}o] 7k AU THp<.01). Tukey?] AF-77 Az}, AP I7F thE ol vlsl] PPT7F =41 YeEh oS 88221
s & AUSAT<Table 2>

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

Items Control group (n=10) E- I group (n=10) E- L group (n=10) post-hoc”
pre 35.25+2.61° 35.17+£2.74 34.65+4.40
post-24h 25.63+£3.82 29.84+4.56 28.99+4.24
post-48h 22.52+4.50 22.51+5.89 28.55+3.35
F 82.492 3.853 7.504
. . EII>EI>C
P time: .000%* timexgroup: .000** group: .003*
MESD (Ib), *p<01, **p<.001, ’

Repeated measure two-way ANOVA, "Tukey, E- I group=Pulsed Ultrasound intervention before

an eccentric exercise on EIMD of biceps brachii; E-II group=Continued Ultrasound intervention before an eccentric exercise on

EIMD of biceps brachii

3. CK

A% 7ho] CK AolE MRS B

S
1

W&

A Aol AgelNe BASH O fojg
Zkel7E AR AL (p<.001), A17F} Fedbo % {1 gk ws k8ol U o (p<001), F 7F EIH Y A% 79
g ko1 7k UK (p<.001). Tukey®] AF-77 A3}, AP L7 thE ool Bl CK7F SHA] Wk B a8 4]l
Ae & AU T<Table 3>.
Table 3. Comparison of the change in the CK among groups
Items Control group (n=10) E- I group (n=10) E- L group (n=10) post-hoc”
pre 146.50+11.68° 139.50+5.10 142.504+4.35
post-24h 123.40+4.57 113.50+3.64 112.30+£6.58
post-48h 127.9045.55 128.03+21.80 126.40+7.87
F 588.989 70.404 68.54
El<C, EI
P time: .000* timexgroup: .000* group: .000*
“MESD (U/L), *p<.001, ’

Repeated measure two-way ANOVA, "Tukey, E- I group=Pulsed Ultrasound intervention before an

eccentric exercise on EIMD of biceps brachii; E-II group=Continued Ultrasound intervention before an eccentric exercise on

EIMD of biceps brachii
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4. LDH

A% 2] LDH Aol§ w857 BAEA & sk, A9 o g Akl BASE 0 folg
#0171 A(p=001), A3 AREAE o8 LE2HEo] A0r(p=001), AT 2 EAPF AL F9)
3 #ol7} 991 THp<.001). Tukey®] A543 Asl, ABL 7 b ol w]8) LDH A Lheht 6% 7 &%)

o

S o4 4 A3 T<Table 4>.

Table 4. Comparison of the change in the LDH among groups

Items Control group (n=10) E- I group (n=10) E- M group (n=10) post-hoc”
pre 358.20+36.64* 354.50+45.33 365.60+36.44
post-24h 44525442 .32 396.20+44.49 381.30+£24.21
post-48h 635.50+£47.42 610.50+60.73 437.20+21.59
F 240.329 30.001 70.729
C<EI<EI
P time: .000* timexgroup: .000* group: .000*

*M£SD (U/L), *p<.001, Repeated measure two-way ANOVA, "Tukey, E- I group=Pulsed Ultrasound intervention before an
eccentric exercise on EIMD of biceps brachii; E-II group=Continued Ultrasound intervention before an eccentric exercise on
EIMD of biceps brachii

Z

yH-ekel A Aol ®ishyt Ast A 2F 1eal AEstal o)5eA] o
5 Qlst st zp=rof] 2]l WA ¥ th(Proske?} Morgan, 2001; Warren ‘5, 2007).
&l osf dFHgol fdEo] WATFEHL, o, 1Bla Hule A
&/go] FREE tH(Clarkson$} Hubal &, 2002; Connolly &, 2003). ©] & ¢ & F 24~
AR oA Al A el Eetal HAF S5l A E K Smith, 19915 Cheung &, 2003). ©] ¢k 22 Aate
o AEHHOE st AS ofHA s, 5Foizte] ARkA Rl A& 7kA] JEFEs 7 XA |

A S 5, 2018).
whEba EHEGS Fol A oS S8k theFst A7 A E I QA 9lem o] 9} -2 EIMDE] TS T
Aak7] 93 AN © 2= v (Zainuddin 5, 2005), UAIRAFHEEE T 1A, 2013), WA E(Rowsell 5,
2009), 7 A A A A=A E(FEE 5, 2009). ’\V\}l‘ﬁ(Cheung 5, 2003) 18] ar z—%mw&ﬂvﬂ# o|Fy, 2006) 5
o] 3t} o] T AFHE 2T AGEST
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Weh Hol gEow YoHi o YEANE FFO HET AVH O
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2 s ors 2439 sEe T4k BxteA F R HGA o] & £ = W T shbEA

7IAA TS0 AAE Hrlshs WHo R gAY A T2 AFFETAEY S 5, 2001; Hibscher 5, 2008).

2 AFelA EIMD 3 A W5 2S3kel A &5 485t A3 BE oA A7 A, 24417, 48417 9|
o _

Al PPTE] ot 727 ®Athp<.001). =5k EIMD & zd_ W 2a9ke) A&xS9E 488 Ao 1 PPT
9] FaRAR NS o] gk Afo]

& ol vlal] =A VR

R i B R R )

K

71 5(2014) drke vl 24 4] EIMDe]| %
oA A 9L TEAGel e At Qltha Barsto] 2
(2007)2] A9} A7) 5(2014)2 ¥ A9 SA 3}
= oY olgt 2 Aol o] Draper 5(1995) A&ExSus 22 L9 T7HE fusthal sl i,

R [} =
Griffin —0—(1991)—8— ZA LT AeL g% ,] = 7};@3} Azukeo] gul ARt Zr}E gulate]
Z__ o)

X
!
S
L
N
off 4

CKQ]r LDHE & &40 A5E vehl= XLLE AHE-E o] A =1 CK+&= iMOﬂH FA ol oF 90%7F £
¥ 53 #ho] 7] wiEe] 3 ax oA % Al 7P Wol] FE 1
T3 LDH:= B8 5o a4% 22 A 485+ 3102 I35 LDH 7
A EZ o] ¥ KItoh -, 2000; Sacheckﬂ— Blumberg, 2001).

EIMD 2 A WE5x=7 2= 283 A9 Ao Ul CK s 5HsHs BE oA A3 &, 244171, 484]
FA EAIEA 0 Z {93 2ol 7F AN (p<.001), Ak I CK % HA3}E w48 A3 A7) 9} Jek TH =
fFrolet wsago] N om(p<001), Ak 7+ ARHAGANAE Fost 2o 7} Qloj(p<.001), AFF-A-S AAlSH
A7} BEIMD 7% A A&GzS0 48o] o 7ol vls] cKe w27 7 BAl HERRLT

w3 Aok Ul LDH § 5 W3l BE oA A8 A, 244171, 48417kl A F-218F 2ol 7F 1l ar(p<.001), st
Zrell LDH zbol& 2418 A3k, Al719F Jezgtel e fofsh w280l U em(p<.001), Het 1+ 574 7 ol A
T 93k o)z} lo(p<.001) AHEHAS AAIR Ayl EIMD 2 A A &ExSu) Agto] e Lol vlE)
LDH %7} A vebstth Z15112011) A3 gzt 2085 o= a4 gte] EIMDE % &, A
E2599} BN A &2 SIS A Lete] CKE WsHE nlush A BE TollA Algtel e dF CK §%
o f-oJsk Mkt Ilthal Akl (p<.05), 2919 (2004)> 7 A<l 30 A2 W oo w 1Mk
2802 247} A &3} Wl Yok A 1.5Wier O] ZFE R ko] BZo) 587 2835 Ay gk W)
7t A& 2HelA 7P Frha Balskol(p<.05) Aok AR AaE =ESel) olgf 2 A ] Qlo
Bolton 5(1991)< EZ.‘%EQ] Aee AE FFehit-SE o JS Fo] A9 ANYALS F7HA]7]aL o] &
A&l =249 A= 931, Pittenger 5(1999)S F2A L0 Ao AA|uF B34S F7HA 7] 1L
Aﬂim—‘@— s O%ﬂr 1 gl % = S7HRITAL sto] AT ARE AAEte] T

=

(})J\
dl gIEAA] BIMD % Hol A 8% WER s} 442837k PPT, CK, LDHe
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V. 2

Boolqr= g0t A Al HA Q) gl F 2ol EIMDE] 2 W WE 289k 1 M, 1.5 wend] s, W
2 AT 60 Hz= A -g3to] 523 AAIsE & PPT, P 9= trkbEe] Wsks A 18
%Hé At et 2 AdE Aotk

1 Mool A&ESHE g3 Ay} BE FolA A, 244171, 48417F Fol|l 4] PPTE]
5 ZHa7F BAtKp<001). 3 A|7E 3} A7) 9} Ak 7ho| = %ﬂf& WEAgo] O (p<.001), AHF-
4 A3 EIMD 3 A A &H259 o] tE ol HlE =7 YEbsthp<01). =3 EIMD 32 A 2= 3
AsATS 483t A7 Aok U] CK F=Wshs BE oA A3 A, 24417, 48417 oA SAIEHA 0= /-2 6
zFo] 7k AR A (p<.001), FFF A7} A7) 9} Ak bl %= o] et wsahg-o] Ao m(p<.001), AHS- A A}
EIMD % A A& 259} o] o2 of nlsl Ko s=7F 718 WA L‘rE} 3T} 12] 3L EIMD 4 & wEx)

r[n

i

bt

= AFATS A4 Ay Ak Ul LDH w28 shs 25 oA A3 A, 24078 484174 SAS A o=
ol 2fol 7} %iii(p<001), 3k A7 E I} A7) 9 A Thell . f-2) 3 wEAg-o] 3191 H (p<.001), AR 7
4 A% EIMD 8 A A& xS0k o] thE el vl LDHY] %7t 7HE sl vEbst

ool AuE Faf Sl EF LYol fE EIMDel 28¢5 %5 9kek A% %2597t PPT, CK, LDHel <
& A 2le & 5 309laL, 53] BIMD 2 A A5 2597 EIMD 2 A Hls 2 ake B aypaolet
= ZA& & 7 USIth wEbA EIMD g o Wstal 2AaA717] Sl A% RS E A8shs 21 wlg- <Jnigl
T A oleta e, & Aol ASESuke] Ak, 770, AR 1o A859] 5o thekd W
ol mE A7t K& e ofof gt Al Eth

FuEH

THEE, AT 253 A e 224 2% st A 2] ek A 1993;14(1):76-80
LFF AsA=o] A ZHEF 2 e BEel vAe A=) SAWE L 2011
BYZ, olFF, %’Hél, o T2 FS STl Pressure Algometer S ©]-8-3F =4 ¢HE Ao B A

ALx, olatd, Zétﬂ%, 5. AAAAFet I AF A7 IAFA R, lﬂil WA 57t A T80 18E ST
-8 9 8t3] =54 2009;10(12):3902-9.

= 517]%
Qe AU, ER. TEARI AQIEEE] 55, SRLFUN U 292 84l A DL, o

2011.
AEE. FHlE 7} DOMSS®} 8 3]0l nA= GIAAM ==, t-eheha; 2004.
A, DAL, Aﬂ‘ﬂ g2t IR EA Xg A=) fld-Fadie] e dTE 3 dE7FsR el vl

Gk e EHIJAHEAR] SRS 2] 2018;12(4):295-304.

BAF, AQT, FAN. STstnAge) DAl A%z otel MBS 4go] BZ3} el
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