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Abstract

This research was to investigate the effect of fatigue reduction and heart rate recovery (HRR) according to whole
body vibration (WBV). 20 healthy participants were recruited and divided into vibration group (VG) and none
vibration group (NVG). VG was group with provided vibration and NVG was group without vibration. They
exercised slope gait with 8.5 degree and 4km/h during 30min. They rested on the chair type vibrator during 30min.
The vibration consists of 10hz as frequency and Smm as amplitude. We measured the lactate in the blood and HRR
before, immediately after exercise and after rest session. The results showed that lactate level in VG the more
decreased at 95.2%. The result of HRR was similar including recovery at 50.67% in VG. The WBV with stimulated
vessel in muscle assisted the recovery function by reducing the excess post-exercise oxygen consumption (EPOC)
quickly and improving blood circulation. The rest with WBV could provide efficient cool-down exercise for elderly

and women without other physical activities after exercise.
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Table 1. General characteristics of the subjects
(NVG : none vibration group, VG : vibration group)

NVG VG
Age(year) 22+1.7 22+1.1
Height(cm) 160+1.9 160+1.2
Weight(kg) 50+2.3 50+3.3
BMI 20+0.9 20+1.5

<— System controller

\"‘e—— Vibration generator
N
\

% <—— Soft type chair

Fig. 1. Vertical whole body vibrator of chair type
based sonic-wave (Sonicworld. Co. Ltd., Korea)
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Velocity
of 4km/h

Fig. 2. (a) Gait exercise with slope of 15% and velocity of 4km/h
on the treadmill during 30 minute in exercise stage (b) Whole body
vibration on the vibrator of chair type during 30 minute in rest stage
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Pre-test
- Participant : Twenty females

- Test : Body mass index test

¥

Estimation 1
- Lactate test, HRR test

¥

Exercise
- Gait with slope of 15%, 4km/h, 30min

«
. . 10times
Estimation 2 Repetition
- Lactate test, HRR test during four
weeks

..............................................

T
Rest

- VG : Vibration rest on the chair

- NVG : None vibration rest on the chair

Estimation 3

- Lactate test, HRR test

Fig. 3. Block diagram of experimental procedure
from pre-test to last estimation
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Table 2. The variation ratio and recovery ratio between-session in the lactate level according to whole body vibration during all sessions

(mean£SD, *p<0.05)

Group Session Lactate level(mmol/L) Variation ratio(%) p-value Recovery ratio(%) p-value
Pre-test 1.81+0.19
Exercise 4.35+0.23
NVG Difference 2.63+0.51 (+)153.49+19.25 0.00
Rest 3.27+0.17
Difference 1.07+0.16 (-)32.82+3.75 0.01 11.42+3.3 0.00
Pre-test 1.70+0.15
Exercise 4.19+0.33
VG Difference 2.47+0.65 (+)136.28+15.11 0.00
Rest 2.0940.11
Difference 2.20+0.27 (-)105.25+12.05 0.00 84.81+9.55 0.00

NVG : non-whole body vibration group, VG : whole body vibration group

Ready : test results before the exercise period, Exercise : after exercise immediately, Rest : after exercise immediately

Variation ratio : increase ratio(+) or reduction ratio(-), Recovery ratio : recover rate between rest and ready

p-value is given for the overall difference between sessions according to repeated ANOVA

Significant intra-session-differences as calculated using paired t-tests are marked with asterisks :
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Fig. 4. The result of lactate level variation according to WBV during all session between groups(meantSD, *p<0.05)
The significance between sessions in whole body vibration group : straight line, the significance
between sessions in none whole body vibration group : dotted line
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Fig. 5. The result of reduction ratio of lactate level according
to WBV during all session between groups(meanzSD, *p<0.05)

@ Vibration [ None-vibration

Variation of Heart rate according
to vibration or not(bp/m)

before(Omin) 15min 30min 45min after(60min)

Fig. 6. The result of reduction ratio of lactate level according to
WBV during between groups(meanzSD, *p<0.05).
The significance between sessions in whole body vibration group
: straight line, the significance between sessions in none whole
body vibration group : dotted line

Table 3. The variation ratio and recovery ratio between-session in HR according to whole body vibration during all sessions

(mean+SD, *p<0.05)

Group Session HR(beat/min) Variation ratio(%) p-value Recovery ratio(%) p-value
Pre-test 87.75+3.52
Exercise(15min) 130.45+5.35
Difference 42.70+5.01 (+)48.66+7.15 0.01
Exercise(30min) 162.2543.25
NVG Difference 74.50+7.79 (+)84.90+5.55 0.00
Rest(45min) 3.27+0.17
Difference 39.75+6.85 (-)24.49+3.99 0.00
Rest(60min) 98.50+3.92
Difference 63.75+8.85 (-)39.29+5.17 0.01 94.15+7.15 0.00
Pre-test 85.50+2.55
Exercise(15min) 125.75+5.15
Difference 40.2545.10 (+)47.07+£3.85 0.00
Exercise(30min) 166.50+7.25
VG Difference 81.05+6.01 (+)94.73£7.15 0.00
Rest(45min) 110.50+3.35
Difference 56.05+3.33 (-)33.63+2.55 0.00
Rest(60min) 90.50+7.11
Difference 76.09+5.75 (-)45.65+3.17 0.00 87.42+3.77 0.00

NVG : non-whole body vibration group, VG : whole body vibration group

Ready : test results before the exercise period, Exercise :
Variation ratio

after exercise immediately, Rest : after exercise immediately
. increase ratio(+) or reduction ratio(-), Recovery ratio

. recover rate between rest and ready

p-value is given for the overall difference between sessions according to repeated ANOVA

Significant intra-session-differences as calculated using paired t-tests are marked with asterisks :

4. =9

2 AFAE 200 FHS S e R 1
AE B s T F2 Al AalZEel A7 E 35
of AN EHE FHLA IHEE 49 4
3] 58 WelE A5t

AFe Agdes 504 5 34 575 34 g
o] © A e oF 105.25%2 o ZIEE

*p<0.05
slag Hol= Wi Wil J1E o 32.82%9 o
VRE da AFE B AFgRTE 13 a5 A
olZ HYth A % T 7ho|A FEAFe]E(Cori
cycle) 445 714 TEFo 2 A9 S Tl A
Ak 2Tl AR o]tk Bk 70%= Atst
3 20%e XEFORE HMFEHT YA 10%e oF
Hiat o8 AAT IYE F F I5 A A
AFol FAFE AFHL FHHLR A55}o]



&S H‘-ﬂ—t—tﬂ %—fr@‘ 155 Xl?goﬂﬁ ﬁ%lﬁt 70.76
%2l 35S Yeld vuzxl%E 152 60.03 % FEHT}
1036 % 39 = Aups|2g o] B w3k
2 T8 FAME A2 wdELE Wl
6.72%2] ztelE KAt 1E g Avke WskE F
TE A% 158 WA 7+ A

o] Ausls SHA FAk %EQ OEA o w
2 29E vehdty ddEch olge Auksls
atole AAE &F F, 74 A AxlEel &
HS AFAA 8 SRS =o] g Y )
TaES SFAA(Sanudoa et al., 2013) +5 & =
A F S mEA AT A V)
S Bz F7) gFo|gty Al 3 3087 A
&d e ALSIE QIS JRIEHY g4 o
T AR Ay S7HE AAIAT ST B A
TFoAME HARNFS ol&ste] AA 53 TN
ol AnkHo|y 434 A55 Agal A2z 7]
T2 ASAIA RS RS o wWEA FaAFT
5. 2B

2 AFE dulS i AR E0] A I EE
s Ak Aeletd 715 Qb sl mxle J¥s A
ato] SAA adE st stk 1 A¥
s 22 2ES 95 & A

IFE B g & F24 Al AT 29 7
2 ATS UeR) 1142 %2 Y25 3888 Hols
W AARE A2 Ak ERETE E FOoE Ay
o] 84.81%°] FEL I EES Hol O mE F& 7
2835 Bt ol MilXEe] 2% & "7 &
AEE FRATIL, 25 & AAAE AEKHORE
A=l wel SETe w9 S5 NIEE S
A 2R A9 275 IEES =00t

Al ReE 1 B Fol wet 543 S
74 AlRbE2 A F2] Al 8742 % FTOE YER
A AARF F29 A, 94.15% Ad o 3] &

o

s

2

Mo

offt

)

%

o

Jo

>

b

&

MX

$~

)

Do
32

o)
o "

12

e

off i1

=
=)
I
a3
=

)
2 o
Jo
b1
_0|L
2
2
N
-z
_8{.'4
> 2,2 44
to b

>
N
Moy
i)
JO
o
it
N
ofr
tjo
o[\
™,
:OL_I,
[
__)i‘l
lo
tot
o[
N
off

o
2]
el )
N
off
RO
o
i_!l‘
)

>z oo
2
ki

e o off

o
olr OIﬂ
1 rlo OLI

2
X
b
12
X
il
o
o
il
b
:?L_I,
o
o
(o
~

Ho
CON
=
fr
Mo
Mo
of
ok
ok
|o
fru
N
=
)
off
QL
uk

REFERENCES

Brengelmann, G. (1983). Circulatory adjustments to
exercise and heat stress.
Physiology, 45, 191-212.

Cardinale, M. & Bosco, C. (2003). The use of vibration
as an exercise intervention. Exercise and Sport
Sciences Review, 31(1), 3-7.

Cho, J. S., Kwon, T. K., & Hong, J. P. (2014). A study
of evaluation index development of healthcare
rehabilitation device design(&Z2=Ao] AEFH7] ¢
A1 Hry 24 el #SE A1), Korea Society for
Emotion and Sensibility, 17(3), 129-142.

Davis, J. (1985). Anaerobic threshold :
concept and directions for future research. Medicine
and Science in Sports and Exercise, 17(1), 22-34.

Delecluse, C., Roelants, M., & and Verschueren, S.
(2003). Strength increase after whole body vibration
compared with resistance training. Medicine and
Science in Sports and Exercise, 35(6), 1033-1041.

Gladden, L. B. (2004). Lactate metabolism of substrates
: a new paradigm for the third millennium. Journal
of Physiology, 558(1), 5-30.

Hyoung, S. E., Jin, H. R, Seo, S. H., Lee, S. H., Yu,
M., Kwon, T. K., & Hong, J. P. (2011). Case study
on functional bike design for elderly and disabled(aZ
NS A /15 ARATA AR AP,
Korea Society for Emotion and Sensibility, 14(1),
17-26.

Jin, H. R., Yu, M., Park, K. J., Kim, N. G., Jeong, S.
H., & Kwon, T. K. (2010). Study on effect of
varience of physiological responses in color foot
reflexology using color light(Z 232 43+ ahiba}

Annual Review of

review of the



\J

10

(A== D|_|Il_|%:| . _Z,_;'(—{_i_ . J:“;H_l__ll_

=

0
0

Rl QA AelF v st WA= Gkl B
A1), Korea Society for Emotion and Sensibility,
13(1), 187-196.

Jung, H. J., Lee, J. E., & Oh, J. K. (2007). Effects of
WBYV exercise on OPG, RANKL and BMD in
ovarienctomized rats(¥3+5°] HAEA # <] OPG,
RANKL, BMD¢l HX|= 438h). Korean Journal of
Sport Science, 18(1), 10-17.

Kang, S. R., Jeong, G. Y., Bae, J. J., Min, J. Y., Yu,
C. H,, Kim, J. J., & Kwon, T. K. (2013). Effect
of muscle function and muscular reaction of knee
joint in the twenties on the whole body vibration
exercise( A2 RF50] 20t Aolgie] &34 7]
53 ZHRAel vX= D8, Jowrnal of the Korean
Society for Precision Engineering, 30(7), 762-768.

Kawanabe, K., Kawashima, A., Sashimoto, 1., Takeda,
T. Sato, Y., & Iwamoto, J. (2007). Effect of whole-
body vibration exercise and muscle strengthening,
balance, and walking exercises on walking ability
in the elderly. The Keio Journal of Medicine, 56(1),
28-33.

Kim, H. J., Yu, M., Jin, H. R., & Kwon, T. K. (2010).
Development of healthcare bathing system for
improving the multisensory functions(&%72 7%
X e AxA EGA2E WD), Korea Society
for Emotion and Sensibility, 13(2), 309-316.

Ko, C. Y., Lee, T. W., Woo, D. G., Kim, H. S., Kim,
H. S., Lim, D. H., & Lee, B. Y. (2007). Effect of
whole body vibration on trabecular bone in OVX
rats(H21 7 F 0] FAadAES AT A5 sfrm ol
U X= 98). Korean Association of Physical
Anthropologists, 20(4), 301-309.

Ko, C. Y., Lee, T. W., Woo, D. G., Kim, H. S., Kim,
H. S., Lee, B. Y., & Lim, D. (2008). Effect of whole
body vibration on Osteroporotic Trabecular bone of
rats - compared with the effect of actonel(1217150]
EthrSo] e A I vAE J-EthE
A 8A 239} ¥1). Journal of the Korea Society
for Precision Engineering, 25(5), 148-154.

Lim, Y. T. (2005). Study on whole body vibration as
a new exercise training prescription method(H 2
+&-Edlold A et g MR FEol w3

A1), Journal of Coaching Development, 7(1),
105-116.

Mitchell, H. W., Peter, H. B., & Robert, M. O. (2005).
American College of Sports Medicine, Guidelines
for Exercise Testing and Prescription, Baltimore:
Lippincott, Williams & Wilkins.

Park, D. H., Hwang, J. H., & Kim, K. H. (2008). Changes
of metabolic and physiological variables to vibration
frequency during whole body vibration exercise(%!
TEEA AEFFord wE AR, AeA s,
Journal of Korea Physical Education Association
for Girls and Women, 22(1), 39-52.

Sejersted, O. M., & Sjgaard, G. (2000). Dynamics and
consequences of potassium shifts in skeletal muscle
and heart during exercise. Physiological Reviews,
80(4), 1411-1481.

Seo, S. B, Kang, S. R., Yu, C. H,, Min, J. Y., & Kwon,
T. K. (2013). The Effect on improvement of muscle
strength imbalance according to load deviation
protocol of whole body vibration exercise(#-3} Hx}
W}y e] AN F 5ol s ¥ B F Al mA|
= &9, Journal of the Korean Society for Precision
Engineering, 30(10), 1095-1101.

Torvin, S. P., Kannus, H. S., Nen, T. A., Rvinen, M.,
Pasanen, S., Kontulainen, T. L., Jarvinen, M.,
Jarvinen, P. O., & Vuori, 1. (2002). Effect of
four-month vertical whole body vibration on
performance and balance. Physical Fitness and
Performance, 34(9), 1523-1528.

Trans, T., Aaboe, J., Henriksen, M., Christensen, R., &
August, H. B. (2009). Effect of whole body vibration
exercise on muscle strength and proprioception in
females with knee osteoarthritis. The Knee, 16(4),
256-261.

Wasserman, K., Beaver, W., & Whipp, B. (1986).
Mechanisms and pattern of blood lactate increase
during exercise in man. Medicine and Science in
Sports and Exercise, 18(3), 344-352.

HH4 2015.05.19
SRR 2015.07.14

AAEA: 2015.07.20

(© 2016 (by) the authors. This open access article is distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.



