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The effects of pulsed ultrasound and continued ultrasound intervention before an
exercise on PPT, CK and LDH of EIMD
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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.

Key words: Creatine kinase, Exercise-induced muscle damage, Lactate dehydrogenase, Pressure pain threshold,




Ho
of
=
2
oo
rit,
N
I
B
oo
“
1o
=)
ol
P
oo
“
N
Ho
o
Jo
e,
ox
ry
Ho
rr
oy
o
o
olN
_ﬂ
U
K
fu
=
~
B
i
2
=
rr
ml
:i

Ultrasound

© 2020 by the Korean Physical Therapy Science

1A g

TEe AR T AL o] W stel wat QIZEE] AlA| gEo] FEEiAIHA ARl WeQIERE oj g} ofgo
ANA 2 Agko] A I glow, 53] M| F52 18, T, IAET, vy 22 AdEvd
I FEAA Ao BAES Folal UTKEEE 5, 2011).

ojg} L AWE ostal A= T3 9 FAE fsto] flolE Edold it e oy FF2 AlA &E
oy stal Qlovt o7F EEE sk AT AHFHES £ ol B 2R SR oE Qe 4550
HAEe] 58 THehE A7t Bk ek 5 Fofl s E 25 AHAQ 25S At 84aR
A ZRAQ 5 AvE 71dE = eltkClose &, 2005; &7 W 2 o], 2006). &gt 4] WA 78k
e duilE2 AA 5 TAE oprlstal o|E Qs 18, Wi, vvh 22 7k Aol SUlska
om, olgst FAlE FEe] S8l w5 HAvE Ax = A LS SV AFEEC] Eolvtal sl FAlo]
THALE -9, 2011). Z1efuk AlA] S5l F712 02 Fojdhe] qlo] & FolaRle % & AAl H= &5 &740]
2kl & 4 THClose 5, 2005).

<5 42 ] 5 & (traumatic induced muscle damage; TIMD)¥} % A 5 &/ (exercise in

duced muscle damage; EIMD)C. % &7 & 1o, 53] EIMD+= 59| o] Walrl g A4 5ol
L= ARl AAA FEe ek 2% A Tl 8 wAshs o B 1l §ltKProskest Allen, 2005;
Hubal -5, 2007; Warren -5, 2007). 53] EIMDel| oJsf 2 =)= S52 dnba o= .31 Aol 71 s,
5 5 24~4877 o] HjE WA W (Brock Symons 5, 2004), ©] 2 Q& TEIFEHLA FHO &4 TS
o}7] 3K Cheung 5, 2003; Cleary 5, 2005).

Astetd] Sdol= A EFel il ZEAREY, 3|, By 7|da} AolRlalsl g A (creatine

kinase; CK), ZAtgF4aash (lactate dehydrogenase; LDH), Myoglobin 5-2] & U &5 S7MA714, 53
71 0

=
L5 ] Ak ZAFT e ARG AA|F o7 Aakste] ol Al PlFte] HES ofr]slo]
B5EAT A&H 2eEYY 25 24858 A 52 FEStKPizza 5, 1999; Clarkson®} Hubal, 2002;

Cheung -5, 2003).

o9} 7-& EIMD #4+9] ¢3lE 98t Eg x84 FA W O 2= v (Zainuddin 5, 2005), "] AFHEH &
A3 A, 2013), FA S (Rowsell &, 2009), 7 A A2 S(FEF 5, 2009). A4 Q H(Cheung 5, 2003) ~1
21l 25IHEE A o5, 2006) O] 013}

53] 253 7 23X S5 Aol mE A8 AL Aoy g5 £ dARARE FS ol%
ato] AHd A5 gow wol o] gy glom, b A A57]e vls] AHE Wo] 7hAgh RS 7HA 2
ATH &I 174, 1993). A58 23 A% %S continuous wave) 2} 5 25 (pulsed wave) = -3+

% 97, Hemessey(1995)= M5 285171 717414, 8544, 471421 vldd] &9} e unalon, 24

—7/\];(-];(]. A48
Fha: APE ofeA] $2H 79 319 ool B84, Ask 061-640-8951, E-mail: dathnight]4@naver.com
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o A d e A4, 1993), AF H20] FTHEE, 2002), =AY ] FX(Jia 5, 2005), B3I A
Aol wallarel, 20010l maAeletar sk
Tiidus 51(2002)> 227 9] tdztelAl 272l & &5 e & Hex AR
9} 25%°] F71 2 8zt A8 A F5AX 9 F st wistE HRlthal 31310 M, Freitas 5(2007) a3+
SHE 1 ME 1.0 wer R0 X84 W 22uks EA0E 28 A Este] 93 KO sEE gl & A
g3 CKO| 9 vt FERlEo] A Ay} gl o] Abslabge] tidt BE a3} Qlths AS skt
A4 25 9H= Sem Zlo] o] = el A ERGAIE s
A3 FEA, 2005), DR B 20 AR, 2004), C 014), 217
12 A (M T, 2000), TEATE W ERFAMNE, 20010 E¥HAolgtal BaE i Qlvh wdF
(2007)> Satetabd ol $AtE o R &S5 4435t A1} 5% A E(visual analog scale; VAS) 2]
2t = o % &7 4del EIMDE
T & A&E2S9E AEste] cKe WEE vud Ay BE FolA ARt nhE dF K s ot
WH3b7h ok Bost

S I= 1 Mk 1.5 wienrte] 7
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L 91T 7I7H % ohy

= AT= GA HEjgtell Ae Fol Hat tisER & A9 HAE oldliataL Fofshvks A E A4
SHAT. A9 HoiAhs 3085 tPdo® tlEw(10%), WeZa v} 2-8<7(10%), EIMD #2 d A H353) 48
T(1078) 22 Al TLE o2 o] A el wAIGlo] Al vl & skt A9 713 wek 2 At Al
Ve = 7 v 57, O o5 HEH i vl A Bell (A ARE S dEF T R
Al A&A 0w Anaglon A3V 20199 59 795 EH i Y 9d 7 F 36l AA AAEsith

e T 9

(5) 21 3% 2H 2] E(corticosteroids), PF All(narcotics), 50 €A, 3-8 11A, $HOF T& HE FolA
71eF AAE BA etk e ofE s 58 T A

(6) 7 23] o]} FHA R A& dFE o= A




= N2 I7E SR FA Y] EIMDe VIR S dobny] 913 20t
HHES Yo R thxw, EIMD 2 A WE 253, EIMD 23 A AS259r 02 Bl on, 92
Al EIMD A A Wls g kol A& Euts A8ete] Eoixgh A v RriabtEel mAs <
Fo dobia Ao uhE & 3ke] Aol & mlastarx} skeltk 7; el sdehs W gal7] & e
AA ¢t BT TV RIS TEE S, WEES e AS2SIE AE5 5 24, 484170l 22 Y
Moz SAsglon, 544 Aulsis 50~60%, A& 24~27 CE fAskalvh & Ao 54 &
Agabr] Sist A A= v Figwre 13} 2
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Figure 1. Study design

) 28 R I SEEIMD) 7Y

EIMDE 241771 9lel] obd& Akg-ato] Hl¢-A1= 2
T 0~135°9] W lellM & S Hoj® ol £ 5 3l
et FAIE ol8stol AR 553} o7 AL
HellA FAE A A Flon, 5o & ws BEArt &

st AA| 5setE HAAITFSA

WA IRMe 573t em, thdA7E g
FAe] oFo 7 AAstgltl EIMDE 1IRM 2] 60%°f]
AE AdeolA 8% HEZR 5o 9y F353d 0~135°9)

TEF SF3lTh 153] wHE

3, 7k setAtol o] FAATES 6022 BHATHOIFY, 2006).
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Z231 71719 AEA4LE 5emo] il 2 9Kus-700, ITO, Japan)E AFE3k] 1M, 1.5 wen T E2 524 @%
- A& 235 A3l o, MEsx53 +37](duty cycle)T 20%%= ST
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EIMD- & %L% Qﬁﬂ% v wsk7] §1s)] vAE s %57 7] (Algometer TM Commander, J-TECH Medical,
A EAE BT 2 59 05,9, 13 em $lA[of] A o= slo] P& 7hEth
o] Azt = Al Aol A EH”XV} ‘O} sk AglE UESete] 1 11 f %
b & Ftgks At A4 S5 2 EASe] A VIR B9 A
2, 24A17F, 48413 e A F 33] SAsNloH, SAUS =275 S

ol A7V} #& RStk s et 4418, 2012; AEE 5, 2019).

2) STU =AM E
HAPE-S LA 93l &% A, 244138, 484170 AEaglon, CKE‘r LDHE S48l 189 Aldd>
5 mlE l_i. A]oﬂ xﬂgo}ﬂ ! H‘ﬁ:ﬂﬂoﬂﬁ 1027+ 94 Lalo}O% @78 g & 6‘&0 =715 01%'5}0

1. 917 CHAMRIES| 2dEIM EN

28y =9
AT 20199 59 7L 20199 59 947HA] A GA] A2 HElfgtw o] ik gl E F SRS
AT AL 30782 T AR Akl o sgatitolef glo} thEate: 24.5541.044), AT 1 24.50+1.074],
S I 24.60+0.174190h 272 Hd 7] 177.10+2.84 em$ilal, A1 9] Jﬂ?ra']t 178.20+3.69 cm$ ©.
, AR = 175.4045.06 cmo] QT Bogh )2t 8] b F5-Ale 69.15+6.58 keQlal, A 1] Hat F5-7
67.25+6.88 kg&l o™, A+ 69.75+8.31 kgo| At} BE 9 Untd %*éoﬂ % A4 14 Ay B
A Fogtk #foli= ¢l ti<Table 1>.
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Table 1. General characteristics of subjects

gl T3 T EUAEE VA= 523 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

At Zbell PPT Apo] 5 WS4 AR o Ay, A o) S oli] Aol A Ao R frolgt
Zol7t A3 L (p<.001), AFEeh FHebFkell M e F-o) ek woa-go] I3l em(p<.001), Fek b bAoA 12
g 2ol 7k AATHp<.01). Tukey®] AHF-274 A3}, AP U7} o 2ol I8 PPT7F Al Ve v 2879l
2 & 5 AAAT<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

Ak Fhel] CK Aol & HE

B2y PR @ A3, A U gl Azl SASH R fo%
Zkel7E AR AL(p<.001), A17F} Hdbo e {1 gk ws k8ol U om(p<001), Fe IF AIH G A% 79
gk 2to1 7k QUK (p<.001). Tukey®] AFF-77 A3}, AP L7 thE ool Bl CK7F SHA] Wk B a8 4]l
e & 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% 2ke] LDH Aol 2 w34 B & A, A% o) an el Azl EAsH 0w fold
ko) 7k AR 3(p<.001), A1ZF} ek = fo) st ws zHg-o] gl oH(p<.001), H 7F A G AN E {2
st ko] 7F QI THp<.001). Tukeyl] AFHA A¥p, A 7F thE ol ¥]8l] LDHZF WA Yehd v 884
?l A& & 5 SASlH<Table 4>.
Table 4. Comparison of the change in the LDH among groups
Items Control group (n=10) E- I group (n=10) E- group (n=10) post-hoc”
pre 358.20+36.64° 354.50+45.33 365.60+36.44
post-24h 445.25+42.32 396.20+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

kel A Aol ®ishyt Ast A 2F 1Al AEstal o)5ekA] o
5 Qlsk st zp=rofl 2]l WA ¥ th(Proske?} Morgan, 2001; Warren ‘5, 2007).
&l o) dEHbeo] fdEe] WETFEH, oE, 1Blal Hule A g
=2o] FHEE tH(Clarkson®} Hubal -, 2002; Connolly 5, 2003). ©] & %52 &% 5 24~
DAY A A e m=gstal AAF B350 24 th(Smith, 1991; Cheung 5, 2003). ©] &} 2> Ai}Z
o AEHHOE st AS ofHAl s, 5 Foizte] ARkA Rl e 7kA] JEFS 7 XA |

A& &, 2018).
whEba] EHEGS Fol A oS S8k kst A7 A E I 9lal 9lem o] 9} -2 EIMDE] TS T
A7) 93 AN © 2= v (Zainuddin 5, 2005), UlAIRAFH(E &G A5, 2013), WA E(Rowsell 5,
2009), AN AR Z(FAEF 5, 2009). A Q¥ (Cheung 5, 2003) 18] 11 223K A3} o]F8, 2006) 5
o] it} o] T AFE 25T ALESTH} Ne2 592 E7T T L, ALEE25T= San Zlo]of] EAsh=
ZA& aRdoR /19T 4 glom, CK X9 AAEEA Y £55, 2014), 4174 EL% <] “ﬂl(““”* F
2 FRAOE, 2 01)01] aAA o]t | =g
g

=
4 2= Aedat 445, 1993),

v}

1 4]
7HEHERE, 2002), _%Zl XH *E 4 %Z(Jia %,

2 Ao A= EIMD % Aol W 2599} X &52595 747 483 & Hus2Ad o9, 59X, 34
7FEN Q) 78]3 CKSF LDHS 5%
Srolufj 1 x} A A kST




2% A A48 L2 WER LI £F FUH D% £40) BFW DALY nXE &3 63

WEAA = FEoIv EARE dehs HAo dEow Aoyt o] E9Ae T ARE AR e
2 TR oER 420 TEe Ttk Sl A e® 7 01%% T A= W T ShEA
7IAA 52 AAE Hrkete WHoE vAY GEAV T2 AFS-ETH Y 5, 2001; Hiibscher 5, 2008).
2 AFelA EIMD 8 A W5 x5ukel A S50 285 A BE oA AY A, 2443, 48417 Fof|

o .

Al PPTE] ot 727 ® I thp<.001). =5k EIMD & zd_ W E Z 2 o) X]—%é—%ﬂr% 245 gk 3+ PPT
9 RN E o] gk Ajo]

ol wlal =A JErst

R S R S R s

K

2
!
M
oo
N
ot <

(2007)2] A2} °47luH -0—(2014)—0— 2 Ao FA
o gith o9k 22 Aol Qlof Draper 5(1995)C A&EE2 ¥ 24 259 S gt okqla,
[e)

[e) =
Griffin %—(1991)—8— FHALLY e 3 % 4 s 7}249} AR i, AL s frdeto]
Z__ )]

CKQ]r LDH+ o5 749 455 Yehd= L‘ii AREE O] A] =] CKi= AUl FA el oF 90%7) 3t
Hu w3 Aol 7] wlite] 3 i Fold 5 Al 7P 2ol SHEI e AAo|t(HF S, 2004)
T3k LDHE W E4 5ol aa® A oA 4slE s 302 8% LDH 4% 57k o 7439 142

A xE o] g¥HKItoh 5, 2000; Sacheckﬂ— Blumberg, 2001).

EIMD 2 A WE5x=7 2528 283 A7 Ao Ul CK s 5HsHs BE oA A3 &, 244171, 484]
r A EAIEA R {23 2ko]7F A (p<.001), Ak I+ CK % HA3E F4%E A3 A7) 9} Jek Th =
ek wsAgol Ao H(p<.001), Fet F EHAFANAE [FFE 2] 7t lo(p<.001), AFFFAE-S AAIE
A7} BEIMD 7% A A&GzS0 48ro] 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 zfol& 2418 A3k, Al719F Jeztel e fof st wszkg-o] A em(p<.001), Hek 1+ 575 7 ol A
T 93k zpo)7) Qlol(p<.001) AHEHAS AAIR Ayl EIMD 2 A A &ExSu) Aggto] thE Lol vlE)
LDH -§%=7F 9A YERstth A52011)2 A3 tiidAk 208 tid oz ja-Fzde el EIMDE 1, A
S350} BN &2 SIS A Lete] CKE WsHE nlush A BE TollA Algtel e dF CK § %
o f-oJst Mgkt QIlthal Akl (p<.05), 2919 (2004)> 7 A<l 30 A2 W oo w 1Mk
2802 747} A &3}, Wl Yok A 1.5Wer O] ZFE R HAeke] BZo) 557 283 Ay PRk W)
7F AE2HelA 7P ok Balskol(p<.05) - Aok AR AaE =EeRel olgf 2 At Qlo
Bolton 5(1991)< EZ,‘%EQ] Ao M eSS GEFS Fo] A0 AXUAE FIHAIF]AL o] &
A&l =249 A& 9 31, Pittenger 5(1999)S F2 L2 9] Ao AU B34S F7HA 7] 1L
Aﬂi‘ﬂ—‘@— s O%ﬂr 1 gl % = S7HRITAL st 2 A ARE AA|eke] FaL Q)

= &3l 1B FAYTY EIMD ' dell 288 ME5x33k9) #4353 PPT, CK, LDHO
P 53] EIMD 2 A 2425971 EIMD 2 A Wy 23uku o g3149)
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V. 2

2 AT 200 g A3 EA ] 1R AE el EIMDS] ft A WlE S0k 1M, 1.5 wiere] I, 2
A AT 60 Hz= A -g3to] 53 AAsh & PPT, P 9= trkbEe] Wsks A 18

A7 9 R Ak o 2 AaE 4tk
EIMD 3 d WEzsuke) A&S2S9E A8st Ax BE oA AFA, 24417h 48A17F $-olA] PPTS]
ol et a7k HAAThp<001). T3k A71EZ A7) 9} ek ko= %ﬂf& W Ago] A (p<001), AHF- Z
7 A7} BIMD F% A A &Hx2a3F 7o ol ¥l8)] =A YEFETHp<.01). 3 EIMD -3 A @%x}=-3}
AEATS Age Ay Jok U CK TRk BE ol A3 A, 24417 4824 3bef|A] BAIsHH o2 f-of st
z2to] 71 QLA (p<.001), H=5F A7} Al7] 9} ek Zhel = o) et wEa-g-o] Sl oH(p<.001), AFF A A}
EIMD % A A& 259} o] o2 Fof nlsl Ko s=7F 718 WA UrE} YTk 18] 3 EIMD 3 W)

Zj

r[n

o

i

bt

3} EATS A48 A3 A o) LDH SEsi BE oA A% 1, 24407, 43417k BASA o
218 2ol 7k U Tp<.001), EF A7 A7]9h AT TN Fo S LEAGO] A T(p<001), AT 4
4 A% EMD 4 A A%285) o] T ol Ws) LDHO) Sk 7 YA hERd

o)4fe] ATE B3| 9 TEaT2e] SE EIMDo] A48 WE xS hel %4295} PPT, CK, LDHO 9
S A= S ok 5 99T, 58] EIMD S A A|%2&57) EIMD 42 A wiEzosuct o avdo|e)
= 28 oF 2= 9oith Wb BIMD G128 okala ZaAl7]7] 98l A&z ene A sk AL b oju|g)
= Zappgolela BE e, B APl A|&xeTe] FE, F7), A7 183 H45e) o thekst W
Zo] W A7l e olof stk Al ETh

FaEH
TEE, AAF 251 J8 e e 27 2% sk At &) sksks] %] 1993;14(1):76-80.

&, A%
15 AEA=e] A 2%HEY 2 Vs 35l vAE GFAAEEE] sAl et 2011,
Fol o

O
, O17F, %’Hél, T O 5 ST oA Pressure Algometer £ ©]-8-3F &2 oHE Ao e A

e, ol 245, 5. 4915 45 A4S A 283 AR ADYLEE] i AT
29

= 2 3% AFal7) 428k 8] =52 2009;10(12):3902-9.
Yz, HAA, £4d. AR A 87 AQYIFEL T, dEEEH] W FE 35 vx|= 3 o

2011.
WEE FEE Fevk DOMSS o 3%e] VAt FBAMSI=R] BT eisaL; 2004,
08 A, A, HRARIRE A Aol ABE gelzel HAEA Y B AEASl 1A

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

BAF, AT, FAN. STStBAFe) DAl A%z otel WEEST 4go] BF3} AUl




7HEEA] 2011;13(1):179-
A71d, AjNE, WMEFA, 5. B eAEvt AN IHTel vxe & diedd et

2014;11(1):1-10.
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AT, FA 3. A 2HES] SEFSF o A s vl s A e 81 wtEk ] %] 2012;22(2):219-228.

WY, 2517 dRE 2 IFEe vA e A =] Tt Eha; 2004.
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