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Effects of a single bout of eccentric exercise on muscle swelling, imaging
and mechanical properties in upper limb: Application of vibration

Min-young Choi & Maeng-kyu Kim*
Kyungpook National University

[Purpose] The purpose of this study was to investigate the effect of vibration therapy on the
functional, imaging, and mechanical properties in elbow flexor after a single bout eccentric exercise.
[Methods] Twenty-three untrained adults male participated in this study [CON(control)= 11,
VT(vibration)= 12]. Volunteers performed 5-set of 6 maximal (90°/s) eccentric contractions of the
non-dominant elbow flexor on a isokinetic dynamometer. Vibration was applied using a side alternating
vibratory platform (12 Hz frequency, 4 mm amplitude) with 3-set of 60 sec during 3-day after eccentric
exercise. [Results] The VT group showed a reduction in exercised-induced muscle damage(EIMD)
symptoms in the form of attenuating muscle swelling and echo intensity (P<.05) compared with the
CON, mechanical properties were improvement (P<.05) compared with the CON. However, muscle

soreness, range of motion and maximal voluntary isometric contraction were not significant (P<.05).
[Conclusion] As currently practiced, vibration therapy after eccentric exercise may reduce EIMD by
improving quality of the muscle, suggesting that this therapy is an effective strategy for EIMD.
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SACHA

- A7 G'power statistical software (version3.1.9.2
for Windows: Heinrich Heine University, Dusseldorf,
Germany) & ©] &3t et RE 5 AE3I9
Coheno] AAJ& F-Z2ol|AM FE27]9] effect size
(=0.25)& M| 9lgt T2 & Akt o 74
A9 27 a2 2t Repeated measures,
within-between interactions, ANOVA approach
oA ZZ+9] input parameterg= @ « err prob (the
probability for type I error) = 0.05, @ Power
= 0.8, @ Number

of groups = 2 (control and vibration group) ¥ @

(1-B err prob; type I error)

Number of measurements = 5 (pre, post, 24, 48
and 72h)Z A%t ZE $5 A& 27 actual
powere (.84 5ol A
34 229090, ¥ AT ZAEdgty A
SEEREIENIEE
2019-0014) FAz=9] 4

LY E total sample sizes
Rins AR
FYHQom (FAHs: KNU

AAA EAL (Table 1)3 2t}

Table 1. Clinicla characteristic of subjects

Variables ~ CON (n=11) VT (n=12)
Age (yrs)  22.82+0.53  22.92+0.65 0.900
Height (cm) 174.24+4.13 17541+ 1.60 0.667
BMI (kgym2) 22.35+0.88  22.99+0.85 0.644

Values are means + SEM.
p values are calculated by Mann-Whitney U-test.

p values
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control group(CON)
FAH A& sl vibration group(VT)_,i B el
o, RE FoAE2 ARESATS EYE d38 A2
ass index, BMI)ll 7]z38}o] F-2}$]ul
< B3l 25 1 H kol Zbzte] aE-2 HAA &%
] AaEo Uik S92 WSt mElA
52 A, %5 A% 24h, 48h, 281
72helA SA AT ZE AE dakes (Fig. )3 2o

o o oHd
HAIN 2
Ao —OoO

ANE ¢85 54 ¥ (Humac Norm, CSMi

Medical Solutions, Stoughton, MA)E ©]-&3to] 2 t)
AN 285 S48te A TE AAAA BAEA
E g 2% F4)) 63] vHErE 3303 At HieES of
ek FAH R AN 5 T58%H 9 717] Hl v
Aol whet Z3A] 7} 90%% el A F o] ¢kA
(180°)7H4 90°s-1 &2 127t 338191, H o] ¢
2174 (180°) el A 9O°7J}7\] 10%(speed : 9°s-1)° ZAA
AT H2E St Ak oAt o2y
B+ s 52 Y59 HChen et al.,
2013).

Parameters Pre Post 24h 48h 72h
- CCF . ST . . .
- ROM 2 © . 1hration . Vibration . Vibration .

= W N=12
- MYN E a . - - -
« US s E . . . .
5] Control
* VAS e . N=11 Control Control
- MVIC - . L] L]

Fig. 1. Study diagram showing the time course CCF, Circumference; ROM, range of motion; MYN, myoton; US,
ultrasonography; VAS, visual analogue scale; MVIC, maximum voluntary isometric contraction
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ZE 2= whole body side alternating vibration
7171(Body Master, MEDIEOS, Korea)& ©]-&3fo] A
AetAch. FAAQ Aale WAl &5 F POST, 24h
9 48hol| tigt &S S H T3¢ (frequency) =
12 Hz=Z A4 1 7= (amplitude) < 4 mmz 4%
0} ATk 1822 5 A E vHE ol a F42 AlE 2t

025 tdth. AEAHA & kA &= CON A2l 4
&‘ﬂ S AAB] Y8l ZE71719] Ah& 113 AR 5
U3t sto] st on Fofzte A ZFHA =2 Qg
oo dial YA AWsA ZSH(Timon et al.,
2016).

(acromion) ¥} Z#3] F
U E S +%
49 eatE Fol7] 9]
T E BBt v A7) B
THChen et al., 2006).

I ISHY

ZEx|#d o] A4 7HEH ¢ (range of motion, ROM)
= UASHEE 2= (Baseline®  goniometer,
Fabrication Enterprises Inc., White Plains, NY,
USA)E ol &3dte] ZwA| %Jﬂ o= (fully flex)
2 A A (fully extend)= 33kl #2 7 Aol 2
Attt e A ﬂ%@hﬂr, Ao |
2 08|31 859 AREVIE BAARE A8 o,
TFAHCZ s FeHA ApA A B3R 7} F5 4] Bl
WA @A HEA7|n BEAE we HuES
(voluntary maximal flexion)#t& g53ta, ZFEAE
A H AejolA  HHWAA (voluntary maximal

extension) 2% A 935} tHChapman et al., 2008).

Z|CHRILA SHMeE
H AL AT
contraction, MVIC) &4 &

Z(maximum voluntary isometric
A&l 5473 741 (Humac

Norm, CSMi Medical Solutions, Stoughton, MA)E
o] &-3tgiTh & Aol A] ZEA 7L 90° F2 H AR
32 Al 3 28-S w3st HUsHAAIE S
kst om, B 2E Bt AAkAbe Joart Hu2y
= HE A FFE Ak & 23] v 53
T Y Agstd o £5 1 45% FA71E Fo
THChen et al., 2009).

2t B35 A F (visual analog
scale, VAS) ¢} 914154 & ol 21 B2 (algometer,
baseline® 1200-304, Push/Pull Force Gauge,
Fabrication Enterprises Inc., White Plains, NY,
USA)E o] &3t S33tith. VASE 100 mm 24 %
,] E= xh:i géé Z(0 mm)< “Eéo] g}\g 111]_,—1
LEZ £(100 mm)E & F §E F= 5] 3
ooz YER)IQIt}t, WA $Eo® O]zﬂ— Ezo
at7] ffal 2 Ao 23S o 22l Ao A
& o] 55& =4ste] EANG(fully extended)¥}
FANG(fully flexed) & 247 %7189l om, $4-& 34
o 7FERIE SA ks A 9 T S skt
g BAAE ol &3t A FEH 4 cm, 9 cm~11
cm AA Aol ZE-(muscle belly)olA 0.45 kg/s
11b/S o] Z== 7kete] AUl 4 kg (8.8 1bs)7HA] o+E

= 7Fetien, A el M #9lo] =l FaAS
TE5 e VASH FAletion, 7k 98 24 30% 3t
F2417] Fod8 H71E 39t (Chapman et al., 2008).
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o= At FAHeE SR 2
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belly) =% (middle) -9 £2 0] 5 &2 24y &
gol WAEE . 2 WF=e FIHF
(frequency, Hz) 2 YEPH o] 25 B9 15o=
A9l EFFo] fle o MY AEs onlet
o} =34 % (dynamic stiffness(N/m)) <} 71414 <&

A2 7

dhof] w2  3]5-A]7Hmechanical stress relaxation
time)# €974 49 stoll slv= A& nlshe < ¥ d
E(creep)= 97 (Kim, C.S & Kim, M.K, 2016;
Schneider et al., 2015)3l=H], BE 332 HE] 2=
(multiscan mode)E ©]-&-3te] Tap HHE 45 153,

71AISE 2 =9A|7H(tap time) < 15 millisecond, A&
AL 8 2 AAsAY. ST e FEA FEY 4
cm TH25T YR o FL S YA A SR A
o] &5 23 G5} Ato] L9F 3/44 - A A S35
tHAgyapong- Badu et al., 2013).

== =31t
J3eHA HHE flal 253 A<= (LOGIQ 200MD,
General Electric Medical Systems, Milwaukee, WI,
USA)9] B-mode(bright mode)& AM&-3l¥om, 7.5
MHz A3 ZZH(linear probe)E F3sle] =431
. =% 7t W (contrast), 274 (focus), 871 (gains)
om vpR g 2Rl o A Aol T2 1]
%593 (transverse section) 93-S
Aok BE _3_@;\]7]131 QAE Hagler] Al &
x L R P B s s e
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al., 2012)3t = FAl7 ](echo intensity) &
Asact. g53t ?:%ﬁjroé"&% ImageJ software
version 1.5la(National Institutes of Health,
Bethesda, Maryland) ©]-&3}e] 3] M 25X (gray scale
analysis)& AAI8 3718kt
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SH A=

BE AR B4

EAAY =Zza#9  SPSS
25.0(Statistical Package for the Social Sciences
Software, Chicago, IL, USA)< Al&-3le] Z43E5H
B (average) @ EFQ 2} (standard error, SE)Z 4F
2319}, Shapiro-Wilk testS ©]&-3to] F 9] 34
AR S AAstgen, &5 A vwste] At e
SAA Aol dLuix] EAHEA (one-way analysis of
variance, ANOVA)& ©]-&3%1 3L, Bonferroni AHEA
% (Bonferroni post-hoc test)= AAIStATE. CONZ
VT 25 7+ A7 2ol b2 3 5 28 (interaction) &2}
= olgdux WwESA B4HEA (two-way repeated
measures ANOVA)< o] &3t glstlnt. 1§ 1t &
% 7 (baseline) & E&3t 7t AJZHE SHRIES A5
B7val7] Yate] Mann -Whitney U-test® 33 H%
o BE BAA YT o = 0562 4439

9lojA CONL 24h, 48h 283 72hellA, VIE
48h 2 72hel| A & A2} vlwste] EAHC R Fodt
3718 Yeigi e (p € .05), 72helA CONe| VTell
vl frolek $715 Jehi it (p ( .01). =3 83
AR A 15 7 AR T mE %& CRCRARS
7F et Fig. 2A). AgsEE
24h, 48h 18] 1 72hell A % A3} Hl wate] FA A
2 93 Afo] S YeRf o (p ( .05), CON°| VTH
o} 72hol A 2 g2 el oy BA- R folg
ol 7k YA sttt et 82 AA oM aF 3
A7 Bl w2 *Jz‘zko FoE YA 9tk Fig.
2B)
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Repeated measured ANOVA

S

Interaction

1 Source P

Time 000 =
Group 099
08 ‘Time x Group

A circumference, cm
=
=

—0—CON
&0 VT
et /b e
0.2
A
0 +
pre post 24h 48h 72h
L T — "
Repeated measured ANOVA H
Interaction
12
Source P
Time 000 B
E 1 Group 089 ﬁ
o ‘Time x Group
Q
§ 08 ——CON
"‘qé v VT
R N T
o | AT e T
=0 AL T T
o .
< 0.4
02

pre post 24h 48h 72h

Fig. 2. Changes in Amid-portion(A) and distal-portion(B) of
the BB circumference for each time period CON,
control group; VT, vibration group; BB, biceps brachii
**#p<.01, significant difference between CON and VT
determined by Mann-Whitney U-test; Tp<.05, T Tp<01,
significant difference compared with PRE of CON resulted
from one-way analysis of variance (ANOVA) with
Bonferroni post-hoc test; ##p<.01, significant difference
compared with PRE of VT resulted from one-way analysis of
variance (ANOVA) with Bonferroni post-hoc test
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SFoith MVICHISHE 22te] 1§ w5 4% 24h, 48h
223 72helq £F Aol Hls) BAR O fola Aol
7} FERRLO.R (p € .05), CONe| VT & A aS
GERNSL oL 1E 3 AelolA] BAA R fela Aol
= e sl

2§98 Aol e
a%

o= A &4
AN &5 F gty 259 7144 49 sl
£ frequencyollA] CONe©| 24h, 48h 18]a1 72holA
VT7} 2% 24h, 48h 28] a1 72hol|A] 572} Bl wa}
o frodk 2ol & YERIEH(p ¢ .05). CON< 24h, 48h
a2]3 72hel| A VTl Hl8) frol g 271 e At p
(.05). gt FE7 A ANA AR T e 2F 7F
ol et daa-& 27 Yebstth Stiffnessoll A= CON
o] 24h, 48h 123 72hel| A, VTE A%, 24h, 48h 1
23 72hel A & Aol Hld FAH R fofdh Ael7}
UERRACH (p € .05), 24h 2 48h o4 CONe] VTe]
Hal fofatAl w2 ke YERATHp .05). =9 F
3 AN 25 T AT e oot dasts
37 YEbgth. Creepel 15 Zzol g BF 4
24h, 48h 18] 31 T2hol A &% Aol vl f9f ¢ F7t
YRl e (p (.05), 24h°ﬂ*1 CONe] VTl vl&]
o3t Z7He eIt (p € .05). HE3 T A
A 25 F AR B mE frol gt A e A8 2ot Ve
Wt Relaxationol A& 229 15 BEF A% 24h,
48h 18]3 T2holl A 5 A3} vlwdte] EAACRE f
o 7+ YeEhlA e (p ( .05), 24hellA CONo]
Vel Hle] FAACRE o3t S7He UESItH(p (
.05). g FEI HAH A 2F 1 AR Tl ;2 &
o gt 5837 YEPTKFig. 3).
FeFH 259 71AA £49 Mt frequency®]
A1 CONe| 24h, 48h 18] 11 72h°ﬂ"1 VT 24h ¥ 48h
oM &% A3} vl wsle] BAH R o3 Z71E et
WA (p (.05), FEI HAAM 25 1 A7 e
w2 o) A A8 T3 F ERA] 29kt Stiffness
a

M e Z47te] 15 25 A3 24h, 48h 18] 31 72hel| A

ol ok
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Repeated measured ANOVA
Interaction B - .
2 | Source P = # by
Time 000
Gr 02
N oup
fan] Time x Group
15
o 15
9
g —o0—CON
=3 e VT
o
=1
=
a | 2T T e,
05
0
pre post 24h 48h 72h
0
0.02
0.04
0.06
5008
9 ——CON
&) . VT
5 01

Repeated measured ANOVA

Interaction

Source »
016 Time 000
" Growp 07
T Time x Group 036
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@
8

Repeated measured ANOVA "
0 Interaction I
Source » it
Time 000
60
Group 019
=] Time x Group
Z0r
2
S 10 —o—CON
o
Bl ) \eee VT
Hal e T
<
20 -
10
0
pre post 24h 48h 72
0
05
1
@
g
=
g 15
-] ——CON
]
% @ VT
= 2
~
< -
25 Repeated measured ANOVA
Interaction
Source »
3
it Time 000
= Growp 067
35 Time x Group 021

Fig. 3. Changes in Adistal-portion of the BB mechanical properties for each time period

CON, control group; VT, vibration group, BB, biceps brachii

*p<.05, **p<.01, significant difference between CON and VT determined by Mann Whitney U-test; T Tp<.01, significant
difference compared with PRE of CON resulted from one-way analysis of variance (ANOVA) with Bonferroni post-hoc

test; #p<.05, ##p<01,
(ANOVA) with Bonferroni post-hoc test\

&5 A vl wste] BAH 0 frojet T7HE YERISG
SH(p(.05), 48h & 72hel| ] CONe] VTel| H]3f -] gt
7F2 JeERITHp ¢ .05). E3 FE3} AN 15

A W fod Azzgant JeRd
Creepol|#1= CONe] 24h, 48h 12]3 72hollA], VT 4
2 24h, 48h 12|31 T2hell A &5 A2 vlmate] A A
oF fedt 37HE %Ehﬁ Ao (p<.05), FEI} Al
A 2F ZF A7) ol A4 gt vE
wit}. Relaxationdl A& 444 15 B A% 24h, 48h
23 T2hellA &5 Zell vl BAA o= frof gt Afo] 7}
UERR o™ (p (.05), FEH HA A 15 1 AT
of w2 Folat Fez-ganrt JehgtKFig. 4).

r.\.L ofN [0

significant difference compared with PRE of VT resulted from one-way analysis of variance

ES=iS S

AN &5 F 253 wHA 7] G7tel A Aol
< CONe] 72hellA, VTE 4%, 24h 12|31 48helA
5 A7 vl BAHCRE fof g Aol & Ve
o1 (p(.05), CONS 72holl Al VTl Hlal] 2lstA &
7FtATH(p < .05). gt 15 2 A7 Tl w}% i

A& a7 desttKFig. 5A). el ¢ CON
o] V1ol ¥lé] 28 A% Uehiglon BAG0z &
o3 2ol ATKFig. 5B).
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w0
*

Repeated measured ANOVA

18 | Interaction
Source »
16 .
Time 000
sl Group 057
N Time x Gror
o up
12
o
2 1t
=
g B SR
Sl /ST
23
<
06
04
02
0
pre post 24h 48h 72h
0
pre / : 72h
0.02
004
0.06
o008 b I\ e
o .
-
9 oo
3 0
012 | T —
Repeated measured ANOVA
Interaction
0.14
Source »
Time 000
0.16
Group 73 I it Tt
ois Time x Group 041 # = i

A Stiffness, N/m

A Relaxation, ms

(%)
in

35 L

[ Time x Group

Repeated measured ANOVA "

Interaction

#

Source ) = =
Time 000
Group 023

Repeated measured ANOVA

Interaction

Source »
Time 000 + t -
Group 049 = = L

Time x Group o1

Fig. 4. Changes in Amid-portion of the BB stiffness for each time period

CON, control group; VT, vibration group; BB, biceps brachii

—o—CON
e VT

—o—CON
e VT

*p<.05, significant difference between CON and VT determined by Mann Whitney U-test; Tp<.05, T 1p<O01, significant
difference compared with PRE of CON resulted from one-way analysis of variance (ANOVA) with Bonferroni post-hoc

test; #p<.05, ##p<.01, significant difference compared with PRE of VT resulted from one-way

(ANOVA) with Bonferroni post-hoc test

Table 2. Changes in AVAS for each time period

analysis of variance

Variables PRE POST 24h 48h 72h p values
AMid-BB CON 0.00 + 0.00 0.56 +0.28 1.79 £ 0.44%% 175 £ 034** 138 £ 042 0.001
0.00 + 0.00 0.67 £ 0.36 1.63 + 042 143 +0.58 0.57 +0.46 0.047

ADistal.BB CON 0.00 + 0.00 0.35 £0.27 1.73 +044** 167 £ 0.29** 101 =041 0.001
0.00 + 0.00 0.36 +0.36 1.61 +0.42 1.24 +0.60 033 +045 0.041

CON 0.00 £ 0.00 040 +0.17 143 £ 031%* 171 +£0.29** 134 +029**  0.000

AFANG 0.00 + 0.00 0.22 +0.09 0.70 + 0.09 1.14 £ 036%* 061 =+0.14 0.001
CON 0.00 + 0.00 0.75 +0.21 2.02 +£045% 203 +£034% 133 =+ 0.29* 0.000

AFANG VT 0.00 + 0.00 0.23 +0.07 146 +024** 166 +042** 090 =+ 0.18 0.000

Values are means + SEM.

Mid-BB, mid-portion of biceps brachii; Distal-BB, distal-portion of biceps brachii; EANG, fully extended position; FANG, fully

flexed position
p values are calculated by one way ANOVA.

*p<.05, **p<.01, significant difference between PRE and each time point after exercise determined

by Bonferroni post-hoc test
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Repeated measured ANOVA
Interaction t
20 Source »
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= Group 032
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Fig. 5. Changes in ABB and BC echo intensity for each
time period

CON, control group; VT, vibration group; BB, biceps
brachii; BC, brachialis

**p<.01, significant difference between CON and VT
determined by Mann Whitney U-test; T Tp<.0l, significant
difference compared with PRE of CON resulted from
one-way analysis of variance (ANOVA) with  Bonferroni
post-hoc test; #p<.05, significant difference compared with
PRE of VT resulted from one-way analysis of variance
(ANOVA) with Bonferroni post-hoc test
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