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ABSTRACT

The aim of this study was to investigate the effect of resistance training with and without whole-body vibration(WBV) on
the biomechanical properties of the plantarflexor in the elderly women (>60 yrs., n=35). Thirty-five volunteers were randomly
assigned to a resistance training with WBV group (RVT, n=14), a resistance training without WBV (RT, n=11), and a non-training
control group (CON, n=10). The RVT and the RT groups participated in the training sessions three times a week for 8 weeks,
followed by a 4-week detraining period. The CON group was instructed to refrain from any type of resistance training. To assess
strength and activation of the plantarflexor muscles, maximum isometric ankle plantarflexion torque and muscle activation of the
triceps surae muscles were measured using dynamometry, twitch interpolation technique and electromyography at four different
ankle joint angles. Also, the lower extremity function was assessed by vertical jumping. The measurements were performed prior
to, 2 and 8 weeks after the training and after a 4-week detraining period. Following the 8-week training sessions, an increase in
the isometric plantarflexion strength was found to be greater for the RVT compared with the RT group (p<.05). Muscle inhibition
was significantly decreased after training than before training only for the RVT (p<.05). Following the detraining period, a
decrease in isometric plantarflexors strength and a increases in muscle inhibition were significantly less in the RVT compared with
the RT group. In conclusion, the exercise with WBV is a feasible training modality for the elderly and seems to have a boosting
effect when used with conventional resistance training.

Keywords : Aging, Resistance Training, Whole-Body Vibration, Detraining, Muscle Property, Electromyography, Twitch Inter-
polation Technique, Muscle Inhibition, Ultrasound Imaging
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1989; Kamen, Sison, Du, & Patten, 1995; Patten &
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Table 1. Subject characteristics (mean+=SD)
RVT RT CON

Parameter — e 0 p-value
Age (year) 65.9+3.3 68.5+5.4 67.3+2.7 30
Weight (kg) 56.6+8.2 58.5+7.7 56.5£7.2 .78
Height (cm) 152.9+4.4 153.2£5.9 154.4+5.2 77
BMI (kg/m?) 24.442.9 25.242.8 23.842.9 .62
Total BMD (g/cm?) 1.08+0.09 1.03+0.10 1.01+0.07 A1
T-score (g/cm?) -0.27£1.16 -0.85£1.29 -1.13+£0.86 11
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Screening
Medical Exam
(BMD, X-ray,
Weight, Height)
Pre Training Detraining
-2 week 0 week 2 week 8 week 12 week
Measurement

(Muscle Strength, RTT, MI, EMG, Velocity,
Architecture, Circumference)

Figure 1. Experimental design
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bk FEX] 28] 7](Calf raise), (C) 2 =33 A4 &
S(squat), (D) ¥-& 23 A H#EA 22)7|(squat & calf
raise), (E) ¥= =3 Al A E7|(torso twist), (F) s
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25 JEE <Table 2>¢} o] £51HHE 4= F4F
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Table 2. The vibration intensity modulation protocol for the
resistance training with whole-body vibration group
(RVT) throughout the 8-week training period

Period(Week) 1 2 3 4 5 6 7 8
Frequency (Hz) 35 35 35 35 40 40 40 40
Volume 40 40 40 40 40 40 50 50
Acceleration (g) 2.6 26 26 26 26 26 3 3
Sets 2 2 3 3 32 3
Dynamic Times 10 10 10 10 12 12 14 14
Static Seconds 30 30 40 40 50 50 60 60

N

Static Seconds

(After dynamic) 10 10 10 12 12 14 14

23MER AT 255 7]71¢]
= 35-40 Hz, Z7]%= 40-50 Volume® & '3

t}. RTZES RVTZEY 5Ys sx2adoz Mg
271715 ARSI QAL AWM FEiiith. FA 1L
S FHF 5-10%, B 5 20308, FELF 5-102C
2 31tk CON Fod7|7kastol| A Adeieinke:
FrAHES AAI8HA T

2157 (frequency)
HeE A8k
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=
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TSR] 0, 10, 30° HlE slE7E $£AE ol
A=g 00 2 gelpelM SAsisior, vl e dEds
o e WaoR AEssin

Figure 2. Exercise protocol (A: open & close eyes standing, B: Calf raise, C: squat, D: squat & calf raise, E: torso twist, F: one-leg calf

raise)
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Figure 3. Experimental settings for measuring the torque-angle
relationship and muscle activation.
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Figure 4. Maximum voluntary isometric contraction and
electromyograms. The plantar flexion torque during
a maximum isometric contraction with the pre
(RTTPre) and post (RTTPost) resting and inter-
polated twitch torques are shown at the top panel.
The EMGs of the medial (MG) and lateral (LG)
gastrocnemius are shown in the two middle panels
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(cathode)2> &9} HZEANAM T A 73217 (posterior tibial
nerve)?] FHoj ¥3HS Fol F2sidict. vt A7 )xb=
(singlet stimulation)®.= FHo W3S ZHE Fof o]FT}t
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Figure 5. Analysis of muscle architecture variables using a
ultrasounds imaging technique (MT: muscle
thickness; FL: fascicle length; PA: pennation angle)
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AlZ1ZEe] ApolE ot z] fla] o AEAHEA (one-way
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m. 2 2} O} BAFHSE Folgh zfol= YERA] Z3UTHp<368).

RVTZ&3 RTZEE 2 SAAI7IZE Blaslid 23 Pre
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HAd 2 IHgEEIEe EAglo® At & BPTHF4,64=11.035, p=.000). 57|17+ &bl RVIZH

stk 7 2F A7 dngEgdae] Hol o 2 7F AY] AleloldE #odk &)zt YeREA] efkont

=8 A= vt tK(Table 3, Figure 6). (Pre<P,, p=098, P,<P;, p=318), <EA7} gFFo= &

1) ¥ E3(Total torque [TTI])

T Edve FEHEAS} sEHEAS] FOo= s
ok g SN s g SAFeE &
o) &HA e THE[4,64]=11.984, p=.000). A]7]° wlz}
RVTZE9 TEI= FAF F7FE3 9™ (Pre<P,, p<.001,
Pre<Pg, p<.000, P,<Pg, p<.000) RTZHE EHHT} &
550 S78FA oLk (Pre<P,, p<.016, Pre<Ps, p<.030), <
T 275 &rFole Felel F7IsIAl BUTHP,<Ps,
p<1.000). CON“LF-2 PreRt} Pl SA3H ho] 7H43d

28k 2}ol7} YERITHPre<Py p=.001). RTLFIME F2
gk 2oz YERUA] e tH(Pre<P,, p=.385, Pre<Py,
p=436, P,<Ps, p=1.000). CONZEFS 543} 855
frolgh zfo|7 Ve A] edSkth(Pre>Py p=422). 2-5717¢
&2 RVIZE3 RTZEZH]  Pre (RVT<RT, p=.845)9}
P, (RVT>RT, p=647)°lX = frolgh xfo]7F vFehtA] ik
oy, 8FFole FY% ztol7t YEFRTHRVT>RT,
p=041). 255 4758 &5 85759 WHslsS vud
A3 RVTET RT7F o] w2 o= Uiyt
(RVT<RT, p=.001).

Total Torque Active Torque Resting Twitch Torque
120 &0 -
w0 s
E E o
3 2" Z=
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£ & 2 0 |
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Figure 6.Changes in total and active ankle plantarflexion torques, resting twitch torque (RTT), muscle inhibition (MI), relative RMS
of plantarflexors EMGs and rate of force development throughout the 8-week training and 4-week detraining periods in the
RVT, RT, and CON groups (RVT, *: Pre vs P,, #: Pre vs Pg, $: P, vs Pg, RT, +: Pre vs P, § : P, vs Pg, p<.05)
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3) 952 EA(Passive torque, PT)

TEHEI: L W AujelA I ZbedEE Vet
= wolth. 254 AI717ke] 43EAg a3t ol
EREA] QEUTHE(4,64)=1.811, p=173). 5717+ &t
RVTZH-S £543 25, 8¢ Foll= f28k xpol7} Y}
A @83k O Lk (Pre>P,, p=1.000, Pre<Ps, p=.090), 25<}
§TFoll= Ik ztol7t YEPATHP,<Ps, p=.038). RTL
FollMe fFelgh zpol7t YERA] Q4QkTHPre<P,, p=1.000,
Pre<Pg, p=785, P,<Ps, p=903). CONZLE-& <54 HT} 8
F5ol| FHasid ot frolgh xle|7t e EA] 24THPre>Py
p=317). 25717} &<t RVT1534 RT15-2 Pre (RVT>RT,
7=000)2} P, (RVT>RT, p=000), Py (RVT>RT, p=013)°l|A]
frolgh alol7t et S5 447979 &5 875 W
8-S H|wst A3 RVIZEZ RTZEAAM = F 8 2o]
7t HEPA] SUTHRVT>RT, p=.107).

4) ¢ A] AZF5=H (Resting twitch torque [RTTI)

A ASFEEE P8 Wl Adelolx] 7RI o]
T A71AFS ot ST 2E A7) e A
2§ a7 fFolsAl YERSTHE[4,641=4.981, p=.001).
5717 Bkl RVTE 583 25, 259} 8FoAle=
Frolgh Zpol7F YepA] 3% LK (Pre<P,, p=.153, Po<Py,
p=1.000), 25337 8FFol= foldt Zol7t Yehutt
(Pre<Pg p=.023). RTLEolA= F2lg 2ol7t YERA]
AT (Pre<P,, p=.521, Pre<Ps, p=205, P,<Pg, p=1.000).
CONLFL 57335 855 2]t 2ol7t YehdA] &
UTHPre>Py p=250). >5717He9t RVT9} RTLEZH
Pre (RVT<RT, p=909)¢} P, (RVT>RT, p=674), P
(RVT>RT, p=468)°llx 5 2]t zto]7}F eRtA] 949k
th L55 4759 2% 85% o WaleS nwdt Ax
RVTZEHT RTZFY Fadge] & Aoz Jepdrt
(RVT<RT, p=.000).

2. 2NAEE B
7t 253 37841718 dueEE el 247 &
A A= v Zti(Table 3, Figure 6).

1) &84 A& (muscle inhibition)

8] A& Hu TEY dEEEEEs wE Al
AEER] e L5AEE FAAHCRE IRl 15
AlZ71Zke] Ao Ag a37b frelshAl UERSTHE[4,64]=
5.692, p=003). 25717+ 5o RVTLEolreE 5337
27, 254 §FME FeIgt zlo)7t VRO (Pre>P,,
p=019, Pre>Pg, p=.001), 25758} 8FFolA= 2t =}
o7} JEhA ZTHP,<Pg, p=.663). RTZENIHE 2]

g zpol 7t YERA] Gk TH(Pre>P,, p=.159, Pre>Py,
p=104, P>P;, p=1.000). CONZEL 5%} 855
Frolgh zpo]7h VFERAA] Sk TH(Pre>Ps, p=437). -5717Fs
ot RVTS} RTZEZH Pre (RVISRT, p=014)¢t P,
(RVT>RT, p=020)A= frolgk zto]7} et oL, Py
(RVT>RT, p=644pIXE Felet xol7h ehiA] edslt. &
T 4450 oF 50 WskeS vawg A3 RVTE
th RV} 57Hg0] 22 2102 UEIITHRVT<RT, p=049).

2) TZA % (root mean square [RMS])

AR A FHE A W3] RMSE
=743t A <Table 3, Figure 6>, RMSE I3 27|17
o A5 AE a7t FYshAl UEFSTHE4,64]=7.179,
p=000). 5717+ Fet] RVTZES 543 235 2
T} gFFolME fFogt o7t YRR &%kont
(Pre<P,, p=344, P,<Pg, p=087), <543} 8FF oM
frelgk zpo]7F YERttH(Pre<Ps, p=.001). RTZEFolM =
frefgh Zpol7F Uep A 2k tH(Pre<P,, p=.949, Pre<P;,
p=1.000, P,>Pg, p=1.000). CONLES 543} 8FFoj
gk 2ozt YERSTtHPre>P,, p=.030). 5717Hs<t
RVTS} RTZF7H Pre(RVT<RT, p=.171)¢} P,(RVT<RT,
p=344), P4RVT>RT, p=066)21= 23 2to|7} et
WA Tt 55 4458 oF 8750 wiske-S A
Z3te] RVTe} RTE Hlwst A3 {2]§k xfo|7} Yeht
A ZSJTHRVT>RT, p=464).

Efars 7=

w
02

28e) YRMLTEE 2gsle] 5710t Wale
27319100, ATle <Table 4>} 720] Lhehstt).

1) Z45<97}(pennation angle)

LG(F[4,64]=1.291, p=283)2} SOL(F[4,64]=0.178, p=934)
Me 7 253 SFA7] 7He] s ade A4
A FolAE vERA] kst B8 25 4759 &
& 875 WskES AMEste] RVTe RTE Hlwgh 43
LG (RVT<RT, p=079)2} SOL (RVT>RT, p=.747)*+=
ol zpo 7k ERA] 288kt

a8Y MGe| PAE 23 AI7I7Me] deAg 53t
Fro) & UERHTHE[4,64]=5.055, p=001). 5717} Bt
o RVIZES o8 2pol7t YehtA] 23k O™ (Pre<P,,
=120, Pre<Py, p=316, Py>P;, p=1.000), RTZ5olA %
frolgh zpol7F YepA] 2 UTHPre>P,, p=1.000, Pre>Ps,
=399, P,>Ps, p=1.000). CONZLES 543 85359
3 2po) 7t YEFGTHPre>Py, p=022). $-5717H-89r
RVTS®} RTZF7H Pre (RVT=RT, p=.140)2} P2
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(RVT>RT, p=355), P8 (RVT>RT, p=.095)°A= f+<]gt
zo]l7F JERA] @dth 25 4759 &5 8759
H38-S W w3k A3} RVTE 243, RTE 3718k
Aoz Yegton ol FAHoR fosH vekt
(RVT<RT, p=.028).

2) & 7 (muscle thickness)

=2 F79] gk MG, LG, SOL®] ol ® 24 A},
7 253 S 74 s As a9E et

LGO MTe 23 AZIZEe] 3528 a3t frefst
Al VEFSETHE[4,64]1=2.970, p=026). &-&7]17F F<kel
RVTZHE2 9% 2ozt YehbA] 2330 ™ (Pre>P,,
p=1.000, Pre<Ps, p=1.000, P,<Pg, p=1.000), RTZEolA]
= ft zZeol7t YA ZEUATHPre>P,, p=.592,
Pre>Pg, p=1.000, P,<Pg, p=940). CONZE< &7}
8750l ol xfol7F YR A] EUTHPre>Ps, p=.154).
571782t RVTeE RTZE7F) Pre (RVT=RT, p=.986)
9} Py(RVT>RT, p=.167), Py (RVT>RT, p=511)lH= &
o3k o)z} e A sttt L55H 4459 &5 87
Fo] H3le-S Ak=3le] RVTY RTS H|w3dh A3} o3t
2to]7F VEPA] Q¥UTHRVT>RT, p=.484).

MG®] MTe 253 Al7IZke] 3528 a3t folst
A EFSTHF[4,64]=3.083, p=035). %5717} Foto]
RVTZHFS ok zpol7F YeEpA] 3o (Pre<P,,
=389, Pre<Py, p=212, P,<Ps, p=1.000), RTLENXE
frolgk Aolzb YERA] U THPre><P,,  p=1.000,
Pre<Pg, p=825, P,<Pg, p=946). CONZE 5437} 8
T ok Zeo|7F YA FUTHPre>Ps, p=350).
+5717F8?t RVTeF RTZE7k) Pre (RVT>RT, p=225)
9} Py (RVT>RT, p=22701 = frelgt Zpo|7F YehtA]
gtor}, P, (RVT>RT, p=021)1-E 23 2|7} ;
Efdth. 5T 4799t &5 8759 HIE-S St
o] RVTS} RTS Wlaet At fofeh Apol7t e of
ATHRVT>RT, p=514).

SOL®] MT= La Al71Zke] 452k a3t frolst
A e THE[4,64]=2.593, p=045). 5717} Foto]
RVTZHFS o8k zbo]7F YepA] ko™ (Pre>P,,
=897, Pre>Pg, p=399, P,<P;, p=1.000), RTZFolA %
frolgh zpol7F YEePA] U THPre<P,, p=1.000, Pre<Ps,
p=581, P,<Pg, p=725). CONZFL 573} 8550l f
o1&k zo]7F YERA] SFUTHPre>Pg, p=2876). #5717
o} RVTS} RTZF7Hl Pre (RVT>RT, p=002)%} P,
(RVT>RT, p=002), Py (RVT>RT, p=008)°lr& 2]k
zpo|7F Yebdth 55T 4559 &5 8559 WIts
< 2FE3Sle] RVTY RTE vl A3 f2)gh xjol7) 1}
ERA] ITHRVT>RT, p=.542).

3) AFTPE Zeo|(fascicle length)

ZAfohd Zolol 3k LG(F[4,64]=1.523, p=207),
MG(F[4,64]=0.062, p=985), SOL(F[4,64]=1.696, p=.176)
o] olgH® A A¥, 7t 2FF SPA] 7He] Fs
& G9= BAACE fofsiA] Rdth LETH 47 9]
T F &FFote] HelgS AEste] RVTSF RTE MW
g A3} LG (RVI<RT, p=107), MG (RVT<RT, p=.170),
SOL (RVT>RT, p=367) 2% 2|3t 2oz} YehA|
ate=

4. =AY

1) e 45 (rate of force development)

hgEggEe] Hy2gdd S8 SAst oud
< FAsbsIT 7F 2w S84V Hdegde £
%(RFD) 2= th&3} ZFtH(Table 3, Figure 6). RFDE
w3 A7IZEe] dsAE a3 oAl JERsT
(F[4,64]=7.179, p=.000). 25717+ &<t RVILES &
A 27T, 2759t gFFelME ol Apel7h et
A J O (Pre<P,, p=344, P,<Ps, p=.087), &7} 8
FFAM e fFelg xfo|7t YeRTtH(Pre<Pg, p=.001). RT
aFdM e Y Zol7t vEbGA] U THPre<P,,
p=949, Pre<Ps, p=1.000, P,>Ps, p=1.000). CONZ&F <
AT 8FF Folgk Zpol7b UERSTH(Pre>Py,
p=030). 5717Fs<t RVTS} RTZE7Hl Pre (RVT<RT,
p=171)2} P, (RVT<RT, p=344), Py (RVT>RT, p=.066)
AN frolgh zfol7h epA] sttt e 4529
=5 87F9] WslES AFESte] RVTS RTE Hwgh 2
I gk o7k YERAA] FUTHRVT>RT, p=.464).

rap

2) $3AH = (vertical jump)

—a
FHHT FolB ZYst] WiEFYYS A5
S Avugith. 2E% AR AEAE T
BAM Fexrh vhehbA SEThE4.641-1.303,

p=285). 5717k Bkl RVTZLFolA F23k 2pol7} b
EFUA] b ThPre<P2, p=1.000, Pre<P8, p=1.000, P2>PS§,
p=1.000). RTZFAAMEZ fFeIgk 2fo|7F YehtA] 2&skth
(Pre<P2, p=1.000, Pre<P8, p=796, P2<P8, p=1.000).
CONTZEF 513} 85Fol frolgt zpo|7t YepdA] o
UATHPre>P8, p=610). +&717Fs% RVTSF RTLEZH
Pre (RVT>RT, p=000)} P2 (RVT>RT, p=000), P8
(RVT>RT, p=.001)0ll4= F2lgt zfo|7} Yeldtt. 5%
@ 4759 5 87Fo] WslE-S 4HEdted RVT9F RT
E vk A3 {93 2tel7t YER A SUTHRVT>RT,
p=393; Table 3).
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Iv. = 9

2 ATE AANFEF| olyeele] AN 25
S0 v GFS Yok A5l £F 7120, 2, 8

) LETL2F7I0 i wnEEg g 29,
A7t sk wWolEe] WM3lel s o)

RVT, RT, CON Al2820 2 JEsle] H)lw BA5IT &
7159 Wil 250, 2, 89) SEEH(12F) e s
o] EhbeEgle] B3, RTT, ML, <845, WA

MR, £ 52 SRS,

2 AFoM 5 87T nlgEEe e 28S =4
3t Ay &5 AR AF257171E ARESH RVTZE2

59.4%, A&871715 AHESHA] 2 RTZH2 22% 5
7FtATh Wb 25571718 &8sk # o] &8
71 o a3HUE I 5 AUUTE =3 87|
TS THE ¥ EAEEHE ] flEt 125 &
o thA] sl Blawg A3} RVT= 11%, RVeE 32%
ad AR Yeht el A& FHINE JF
571718 ARESIRS ® oF 3wl A= A JERT
(Figure 7). |4 dlEg3le] o] Ailzls-5
off & FFE W= o= A doju= 71414
ol =0l W 3 AAR M| wlFo]thRehn,
Lidstrom, Skoglund, & Lindstrom, 2007). 7324 X&wtk
AHtonic vibration reflex)Z Y& o] T2 71742 -
A8 9] o7t Aol wE WslE YeplaL ol o

Total Torque

Ratio [%]

2weeks 8weeks 12weeks 2weeks

Muscle Inhibition
140

120
100
80

60

Ratio [%]

40

20

2weeks 8weeks 12weeks 2weeks
CON

Active Torque

Root Mean Square

Al717] 918 A8 Whgo] UEh WA 2958 o)
A BoEA ZAEAL 715E el sEThal dEA 2l
t}.(Cardinale & Bosco, 2003; Eklund & Hagbarth,
1966). AP AT = 2R FEE0] =59 A2
S A3t BAsk thBogaerts et al, 2007, 2009;
Machado et al, 2010; Roelants et al., 2004; Verschueren
et al, 2004). Rees, Murphy?} Watsford (2008) =912
odog gk 8F7ke] AR EEe] FEHEY duH
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Figure 7. Changes in total and active ankle plantarflexion torques, resting twitch torque(RTT), muscle inhibition, relative RMS of
plantarflexors EMGs and rate of force development throughout the 8-week training and 4-week detraining periods in the

RVT, RT, and CON groups(&: RVT vs RT, p<.05)
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IHBERE % T RIT #o] S7K A 247889
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