
hen supramaximal stimulation activates a contracting muscle,
an M wave is recorded on the electromyography (EMG) tracing.
Immediately after the M wave, a period of electrical inactivity
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Vibration May Reduce Negative Impacts of
Exercise-Induced Fatigue

on Spinal Excitability

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: The study ai med to in ves ti ga te the ef fects of vib ra ti on on spi nal ex ci ta bi -
lity res pon ses to re sis tan ce exer ci ses by exa mi ning si lent pe ri od ti me va ri a ti ons. MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss:: 22 ma le, he althy and physi cally-ac ti ve col le ge stu dents (age ran ge 19-28 ye ars) vo lun te -
e red to par ti ci pa te in the study. Pe rip he ral si lent pe ri ods of par ti ci pants we re re cor ded with bi po -
lar sur fa ce elec tro des fi xed over the are a of the fle xor di gi to rum sub li mis musc le  in both up per
ex tre mi ti es whi le app lying 30% ma xi mal iso met ric hand grip strength to the do mi nant hand: 1) at
rest, 2) af ter 15 stan ding bi ceps curls (do mi nant arm) using 7.6 kg vib ra ti on dumb bells wit ho ut vib -
ra ti on and 3) af ter 15 stan ding bi ceps curls (do mi nant arm) with the sa me vib ra ti on dum bells with
vib ra ti on (27 Hz, 2 mm amp li tu de, 4 mm disp la ce ment). Fri ed man and Wil xo con tests we re used to
analy se va ri a ti ons in si lent pe ri ods. RRee  ssuullttss:: Exer ci se alo ne, wit ho ut vib ra ti on, was fo und to sig ni fi -
cantly leng then the si lent pe ri od in the non-do mi nant arm only (p<0.01). Exer ci se with vib ra ti on,
ho we ver, sig ni fi cantly shor te ned si lent pe ri ods bi la te rally, when com pa red with rest and exer ci se
wit ho ut vib ra ti on va lu es (p<0.01), sho wing that vib ra ti on ad ded to exer ci se eli mi na tes the fa ti gu ing
ef fects of exer ci se. CCoonncc  lluu  ssii  oonn:: Vib ra ti on may co un ter ba lan ce di mi nis hed spi nal ex ci ta bi lity re sul -
ting from exer ci se-in du ced fa ti gu e and im pro ves spi nal ex ci ta bi lity and ne u ro lo gi cal ef fi cacy.

KKeeyy  WWoorrddss::  Vib ra ti on exer ci se; Si lent pe ri od; Spi nal ex ci ta bi lity

ÖÖZZEETT  AAmmaaçç:: Bu ça lış ma da, vib ras yo nun di renç eg zer si zi ne ya nıt ola rak mey da na ge len spi nal uya -
rı la bi lir lik de ği şim le ri üze ri ne et ki le ri nin ses siz pe ri yot sü re le ri in ce le ne rek araş tı rıl ma sı amaç lan -
dı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Yaş la rı 19-28 ara sın da de ği şen, sağ lık lı ve fi zik sel ola rak ak tif 22 er kek
öğ ren ci ça lış ma ya gö nül lü ola rak ka tıl dı. Ka tı lım cı la rın ses siz pe ri yot la rı do mi nant el le ri ile mak -
si mum kuv vet le ri nin %30 ka dar bir pen çe kuv ve ti uy gu lar ken her iki üst eks tre mi te le ri nin fle xor
di gi to rum sub li mis ka sı üze ri ne yer leş ti ri len bi po lar yü zey sel elek trot lar ile 1) is ti ra hat te, 2) do mi -
nant kol da 7.6 kg vib ras yon dam bı lı ile vib ras yon uy gu la ma dan ayak ta 15 kez bi ceps curl uy gu la -
dık tan son ra, 3) do mi nant kol da ay nı vib ras yon dam bı lı ile 27 Hz fre kans ve 2 mm yer de ğiş tir me
amp li tüt lü vib ras yon uy gu la ya rak, ayak ta 15 kez bi ceps curl uy gu la dık tan son ra kay de dil di. Ses siz
pe ri yot ta ki de ği şim le ri in ce le mek ama cıy la Fri ed man ve Wil co xon test le ri kul la nıl dı. BBuull  gguu  llaarr:: Eg -
zer si zin is ti ra hat ses siz pe ri yot de ğe ri ni hem do mi nant hem de non-do mi nant ta raf ta art tır dı ğı fa -
kat bu ar tı şın sa de ce non-do mi nant ta raf ta an lam lı ol du ğu göz len di (p<0.01). Vib ras yon la bir lik te
eg zer siz uy gu la ma sı ise, eg zer si zin tek ba şı na ne den ol du ğu yor gun luk et ki si ni (ses siz pe ri yot sü re -
si uza ma sı) her iki ta raf ta da or ta dan kal dı ra rak ses siz pe ri yot sü re si ni kı salt tı ğı (p<0.01) sap tan dı.
SSoo  nnuuçç:: Vib ras yon, eg zer siz le ar tan yor gun lu ğun ses siz pe ri yo du uza tı cı et ki si ni or ta dan kal dı ra rak
spi nal uya rı la bi lir li ği ve nö ro lo jik et kin li ği art tı ra bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Vib ras yon eg zer siz; ses siz pe ri yot; spi nal uya rı la bi lir li ği
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las ting ne arly 100 msec in ter ve nes be fo re the re-
turn of re gu lar EMG ac ti vity. This pe ri od is re fer -
red as the si lent pe ri od (SP) (Fi gu re 1), and may
stem from a halt in fi ring of musc le spind les1,15,21,24

or it may be a part of elec tri cal ac ti vity, which ari -
ses di rectly from sti mu la ted ne u rons.11,17,20,31,36 The
SP may re sult from the ac ti va ti on of fi bers ap pe a -
ring af ter the sti mu la ti on of mi xed ne u rons li ke
cu ta ne o us or Ib fi bers of ho mony mo us musc -
les.14,16,32,36 The leng the ning of the SP is a sen si ti ve
sign of ne u ro mus cu lar fa ti gu e and is con trol led by
af fe rent prop ri o cep tors.8

Vib ra ti on ca u ses mi nor chan ges in musc le
length4 and high fre qu ency sti mu la ti on of Ia af fe -
rents ca u sing ne u rot rans mit ter re le a se, which in
turn helps rec ru it ex tra mo tor units to fa ci li ta te ne -
u ro mus cu lar func ti on.28 Vib ra ti on may al so in cre -
a se ex ci ta bi lity of the α-mo tor ne u ron po ol (spi nal
ex ci ta bi lity).23 Vib ra ti on exer ci se is tho ught by so -
me to ge ne ra te ef fects on mus cu lar per for man ce si -
mi lar to tho se of we ight tra i ning.4 We pos tu la ted
that vib ra ti on may fa ci li ta te spi nal ex ci ta bi lity on
exer ci sing musc les, thus we re cor ded the si lent pe-
ri ods from the fle xor di gi to rum sub li mis musc le at
rest, af ter exer ci se and af ter vib ra ti on exer ci se in
both up per ex tre mi ti es.

This study ai med to lo ok at the ef fects of up per
body vib ra ti on exer ci se on the leng the ning or shor -
te ning of the pe rip he ral si lent pe ri od to de ter mi ne
if vib ra ti on in du ced ne u ral ex ci ta bi lity might dec -
re a se the ne ga ti ve im pact of exer ci se-in du ced fa ti -
gu e. No li te ra tu re to da te has re por ted use of sport
spe ci fic pi e ce of up per body equ ip ment to exa mi ne
the ef fects of vib ra ti on with exer ci se. Using a well-
ca lib ra ted, hand held vib ra ti on dumb bell re se arc -
hers in this study we re ab le to analy ze ne u ro lo gi cal
chan ges in the ho pes that the fin dings wo uld pro-
vi de be ne fi ci al know led ge for exer ci se physi o lo -
gists, tra i ners and re se arc hers in the fu tu re.

MA TE RI ALS AND MET HODS
The study pro to col was ap pro ved by the Et hics
Com mit te e of the Ege Uni ver sity Me di cal Fa culty.
Twenty-two physi cally-ac ti ve ma le col le ge stu-
dents (age ran ge 19-28 ye ars) ga ve writ ten, sig ned
con sent to par ti ci pa te in the study. First, ma xi mal

hand-grip strength was re cor ded bi la te rally whi le
the sub ject was in the su pi ne po si ti on with a grip
strength dyna mo me ter (Mo del 5101®, 5-100 kgf,
Ta ke i Ki ki Kog yo Co. Ltd., Tok yo, Ja pan). Then,
pe rip he ral SPs of par ti ci pants we re re cor ded with
a Ni co let Vi king 4D elec trom yog raphy de vi ce
over the fle xor di gi to rum sub li mis musc le by bi po -
lar sur fa ce elec tro des (Me de lec lar ge LBS, Ref:
16893T; Ox ford Ins tru ments Me di cal, Old Wo king,
UK) in both ex tre mi ti es whi le app lying a 30% ma -
xi mal hand-grip con trac ti on in the do mi nant
hand. EMG re cor dings we re ta ken un der the fol-
lo wing con di ti ons: 1) at rest, 2) af ter 15 bi ceps
curls (whi le stan ding) using a 7,6 kg vib ra ti on
dumb bell (Mi ni-Vib ra Flex Plus®, Ort ho met rix,
Inc., Whi te Pla ins, USA) (Pic tu re 1) wit ho ut vib -
ra ti on and, 3) af ter 15 bi ceps curls with the sa me
vib ra ti on dumb bell with vib ra ti on (27 Hz; 2 mm
amp li tu de and 4 mm disp la ce ment). Re cor dings
we re ma de with a swe ep ti me of 200 ms, sti mu lus
du ra ti on 0.2 ms, and sti mu lus in ten sity of 50 mA
(band pass fil ter, 20 Hz-5 kHz).  The me an va lu e of
thre e pe rip he ral SP re cor dings was cal cu la ted and
used for sta tis ti cal analy sis. 

Va ri a ti ons in SP bet we en gro ups we re analy -
zed with Fri ed man and Wil xo con tests using SPSS
for Win dows® (SSPS Inc., Chi ca go, USA). Va lu es
of p< 0.05 and p< 0.01 we re ac cep ted as sta tis ti cally
sig ni fi cant.

RE SULTS
De mog rap hics of the par ti ci pants are shown in
Tab le 1. The si lent pe ri ods of do mi nant (exer ci sed)

PICTURE 1: Vibration dumbbell (Mini-Vibra Flex Plus®, Orthometrix, Inc.,
White Plains, USA).



and non-do mi nant (non-exer ci sed) ex tre mi ti es at
rest we re not sig ni fi cantly dif fe rent (p> 0.05; Tab -
le 2). Af ter exer ci se SPs leng the ned in both the do -
mi nant (exer ci sed) and non-do mi nant arms,
ho we ver this was sta tis ti cally sig ni fi cant only for
the non-do mi nant arm (p< 0.01; Fi gu re 1 and Tab -
le 2). Vib ra ti on with exer ci se, on the ot her hand,

re sul ted in shor te ned SPs in both arms in re la ti on
to rest and exer ci se wit ho ut vib ra ti on va lu es (p<
0.01; Fi gu re 2, Tab le 2).

DIS CUS SI ON
Our re sults show exer ci se alo ne may leng then SPs
in both exer ci sing and non-exer ci sing ex tre mi ti es
whi le exer ci se with vib ra ti on acts to shor ten the
SPs in both of the se limbs. The re fo re, the ad di ti on
of vib ra ti on may fa ci li ta te ex ci ta tory func ti ons of
exer ci sing musc les.

Fin dings that SP du ra ti on in cre a ses with ex-
er ci se are sup por ted by pre vi o us stu di es. Sin ce in-
cre a ses in ex tra-cel lu lar po tas si um and ot her
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Mean ± SD Range (min-max)

Age (years) 21,7 ± 2,26 19-28

Height (cms) 177,5 ± 6,79 163-191

Weight (kgs) 70,1 ± 7,60 55-86

TABLE 1: Demographic features of participants (n: 22)

Dominant Side (Exercised) Non-Dominant Side (Non-ex)

Rest Ex VibEx Rest Ex VibEx

Silent Period (msec) 42.6±12.6 46.7±8.4 33.2±9.1 40.6±9.6 50.3±10.2 33.4±13.2

Friedman x2 = 20.74    p = 0.0001** x2 = 21.91   p = 0.0001*

Ex VibEx Ex VibEx

Wilcoxon Rest 0.115 0.0001** Rest 0.010** 0.003**

(p values) Ex — 0.0001** Ex — 0.001**

Bialateral Differences (Dominant vs. Non-Dominant)

Wilcoxon Rest Ex VibEx

(p values) 0.257 0.168 0.896

TABLE 2: Differences between peripheral silent periods (milliseconds) in dominant and non-dominant upper extremities,
pre-exercise (rest), post-exercise (Ex) and post-vibration exercise (VibEx).

*: p<0.05; **:p<0.01.

FIGURE 1: Silent Period EMG recording.



me ta bo li tes ca u se ref le xi ve α-mo tor ne u ron po ol
in hi bi ti on, fi ring ra tes di mi nish.29,33,34 Du ring fa ti -
gu e, cen tral and af fe rent ac ti vi ti es are af fec ted, mo -
tor units are we a ke ned and cen tral sti mu la ti ons are
ne e ded to supp le ment ad di ti o nal mo tor units. SP
ti mes are re la ted to cen tral sti mu lus ra tes that re ach
the α-mo tor ne u ron po ol and to in hi bi ti on of cu ta -
ne o us af fe rents that in ner va tes ne u ron po ol.18,32,36

SP ex tends with any ac ti va ti on of fa ti gu ing musc -
le. With re co very from fa ti gu e, blo od flow re du ces
me ta bo li tes ra pidly and ho me os ta sis oc curs.2 Ho -
we ver, ad di ti o nal cen tral sti mu la ti on is still ne e -
ded for for ce pro duc ti on in musc les. In the
re la xa ti on pe ri od, af ter con trac ti on, mo re mo tor
units ha ve to be rec ru i ted to sus ta in for ce pro duc-
ti on ne e ded for musc le con trac ti on. In this pe ri od,
in hi bi tory af fe rent fe ed back com pen sa ti on mec -
ha nisms are not re qu i red. The re fo re, sin ce in hi bi -
tory af fe rent fe ed back mec ha nism ef fects are
di mi nis hed but in cre a sed cen tral sti mu la ti on con-
ti nu es, SPs are shor te ned when com pa red with pre-
fa ti gu ed va lu es.

Cox and col le a gu es fo und that sub jects’ si lent
pe ri od ti mes we re dec re a sed for 10 mi nu tes af ter
ma xi mum vo lun tary con trac ti on of the vas tus la t-
e ra lis musc les as com pa red to si lent pe ri od va lu es
at rest.8 The length of the si lent pe ri od SP ref lects
spi nal ex ci ta bi lity and sen si ti vity le vels. In cre a sed
spi nal ex ci ta bi lity is sug ges ted by shor te ned SPs;
si lent pe ri ods are sen si ti ve to ne u ro mus cu lar
chan ges ca u sed by fa ti gu e and it is tho ught that
the se are mo di fi ed by sen sory af fe rent fi ber sti m-
u la ti on.8

Mec ha ni cal vib ra ti on in cre a ses ne u ro lo gi cal
ex ci ta bi lity in musc les.35 This is known as the to nic
vib ra ti on ref lex (TVR).27 TVR re sults from the
stretc hing of musc le spind les, ac ti va ting Ia af fe rent
ne u ral sig nals, which in turn ac ti va te alp ha-mo tor
ne u rons and le ad to musc le fi ber con trac ti on. TVR
ac ti va tes mo tor units vi a polys ynap tic path ways.
TVR in cre a sed mo tor unit rec ru it ment re sul ting
from musc le spind le and polys ynap tic path ways ac-
ti va ti on.11 In ef fect, musc le ac ti va ti on is tem po ra -
rily in cre a sed. But, EMG ac ti vity shows that
musc le spind les sti mu la ted for a leng the ned pe ri -
od of ti me by vib ra ti on will le ad to fa ti gu e as evi -
den ced by dec re a sed mo tor unit fi ring and
dec re a sed con trac ti on strength.10,11 In con trast, use
of vib ra ti on to sti mu la te musc les in lo wer ex tre mi -
ti es re sul ted in in cre a sed po wer and strength as
well as im pro ve ments in body ba lan ce tho ught to
be du e to ne u ro lo gi cal adap ta ti ons.2

Se ve ral aut hors ha ve fo und po ten ti a ti on of
ne u ral path ways by to tal body vib ra ti on when tes -
ting re sis tan ce and exp lo si ve tra i ning tech ni qu es.9

Re sis tan ce tra i ning is known to af fect cor ti cos pi nal
cells and ne u ro nal trans mis si on in spi nal mo tor
ne u rons.6,7 Du ring vib ra ti on, prop ri o cep ti ve path-
ways and sen sory re cep tors are ac ti va ted and ref -
lex musc le con trac ti ons oc cur. Af ter a twel ve-
we ek exer ci se prog ram, iso met ric strength in cre a -
ses, in lar ge part thro ugh the po si ti ve prop ri o cep -
ti ve ef fects of the fe ed back lo op.9 Along with
sti mu la ti on of the sen sory re cep tors, the stretch
ref lex is ac ti va ted; as the to nic vib ra ti on ref lex is
ac ti va ted, sen si ti vity of the musc le spind les in cre -
a ses, thus ca u sing an ove rall in cre a se in ac ti va ti on
of the mo tor-ne u ron po ol.36

Af ter vib ra ti on exer ci ses, the EMG-po wer is
se en to dec re a se, which is se en as a sign of in cre a -
sing the ne u ral ac ti vity of the ne u ro mus cu lar sys-
tem, whe re as EMG-rms va lu es in cre a sed 200%.5

The dec re a se in the EMG/po wer ra ti o with vib ra -
ti on me ans that vib ra ti on in cre a ses ne u ro mus cu lar
ac ti vity. With who le body vib ra ti on, the im pul ses
in cre a se to the IA fi bers and af ter vo lun tary con-
trac ti ons the com mands co ming to the mo tor-ne u -
ron po ol in cre a se, as well as the H ref lex/M
res pon se. The se ef fects re ve al the abi lity of the α-
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FIGURE 2: Silent period variations in dominant and non-dominant upper ex-
tremities, pre-exercise (rest), post-exercise (Ex) and post-vibration exercise
(VibEx).



mo tor-ne u rons to be sti mu la ted ot her wi se known
as up-re gu la ti on.23

In our study, exer ci se and vib ra ti on exer ci se
we re app li ed in the do mi nant ex tre mity only, and
whe re as exer ci se alo ne leng the ned the si lent pe-
ri od in the do mi nant ex tre mity, exer ci se with vi-
b ra ti on shor te ned the si lent pe ri od in both
do mi nant (exer ci sed) and non-do mi nant (non-
exer ci sed) ex tre mi ti es. Si lent pe ri ods shor te ned
sig ni fi cantly in both ex tre mi ti es af ter exer ci se
com pa red with SP chan ges af ter rest and af ter
exer ci se only, sug ges ting that vib ra ti on may help
re du ce the fa ti gu ing ef fects of exer ci se. It is al so
in te res ting to no te this cros so ver ef fect may 
ha ve po si ti ve imp li ca ti ons for tra i ning unin ju red
limb and se e ing a be ne fi ci al ef fect on the in ju red
limb.

Alt ho ugh new li te ra tu re3,22,25 sug gests that
bench press and bi ceps curl ma xi mal strength ga ins
are not evi dent im me di a tely af ter vib ra ti on exer -
ci se app li ca ti on, this is not ne ces sa rily in con sis tent
with our fin dings. Our re sults sug gest that vib ra ti -
on exer ci se do es im pro ve ne u ral ex ci ta bi lity and
may im pro ve strength ga ins over ti me if vib ra ti on
is inc lu ded in the exer ci se ro u ti ne. Furt her re se -
arch is re qu i red to cla rify the se is su es.

In conc lu si on, exer ci se with vib ra ti on dumb-
bells se em to be ef fec ti ve to fa ci li ta te strength and
po wer ga ins. Furt her stu di es might fo cus on chro -
nic ef fects of vib ra ti on tra i nings, du ra ti on of re co -
very from acu te ef fects, op ti mal lo a ding du ra ti on
for a sing le re pe ti ti on of a vib ra ti on exer ci se and
the inc lu si on of ot her co hort gro ups that might be -
ne fit from this uni qu e tra i ning.
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