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Effect of Bone Tissue on
Vibration-Induced Electrical Activity of

Muscles

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The effect of muscle activity on bone tissue is well documented. However,
there is not enough data on effect of bone tissue on muscle activity. The aim of this study was to
determine whether bone exposed to cyclic mechanical loading affects muscle electrical activity in
healthy adult volunteers. MMaatteerriiaall  aanndd  MMeetthhooddss:: Fifty-six volunteers were included in this study.
Muscle electrical activity was measured on flexor carpi radialis (FCR)  muscle at rest and maximal
voluntary contraction (MVC)  as EMGrms by surface EMG. Rest-EMGrms, MVC-EMGrms and H-
reflex of the right FCR were measured before and during vibration. The right distal radius bone min-
eral content (BMC) and density were measured by DXA. RReessuullttss:: Rest-EMGrms significantly
increased during vibration in all cases. Regression analysis revealed that ultradistal (UD) radius
BMC was an independent predictor for the change in the rest-EMGrms during vibration. This analy-
sis also indicated that UD radius BMC explained only 54.0% of the variance in the rest-EMGrms
during vibration. MVC-EMGrms significantly increased during vibration. Regression analysis re-
vealed that UD radius BMC was an independent predictor for the change in the MVC-EMGrms
during vibration. This analysis also indicated that UD radius BMC explained only 28.3% of the vari-
ance in the MVC-EMGrms during vibration. H-reflex was significantly suppressed or depressed
during vibration in all cases. CCoonncclluussiioonn::  The current study suggests that bone exposed to cyclic me-
chanical loading can affect muscle electrical activity, based on its BMC. 

KKeeyy  WWoorrddss::  Bone and bones; muscle, skeletal; vibration 

ÖÖZZEETT  AAmmaaçç::  Kas aktivitesinin kemik dokusu üzerine etkisi iyi bilinmektedir. Fakat, kemik
dokusunun kas aktivitesi üzerine etkisi hakkında yeterli bilgi yoktur. Bu çalışmanın amacı sağlıklı
erişkin gönüllülerde, siklik mekanik yüklenmeye maruz kalan kemiğin, kas elektriksel aktivitesi
üzerine etkisi olup olmadığını incelemek idi. GGeerreeçç  vvee  YYöönntteemmlleerr:: Çalışmaya 56 gönüllü dahil edildi.
Sağ fleksör karpi radialis (FKR) kasından istirahatte ve maksimal istemli kasılma (MIK) sırasında,
yüzeyel EMG ile kas elektriksel aktivitesi EMGrms olarak ölçüldü. Sağ FKR kasında vibrasyondan
önce ve vibrasyon sırasında istirahat-EMGrms, MIK-EMGrms ve H-refleksi kaydedildi. Sağ distal
radius kemik mineral içeriği (KMI) ve yoğunluğu DXA ile ölçüldü. BBuullgguullaarr:: İstirahat-EMGrms
vibrasyon sırasında tüm olgularda anlamlı olarak arttı. Regresyon analizi vibrasyon sırasında
istirahat-EMGrms'de meydana gelen değişim için ultradistal (UD) radius KMI'nin bağımsız bir
belirteç olduğunu gösterdi. Bu analiz aynı zamanda, UD radius KMI'nin, istirahat-EMGrms'de
vibrasyon sırasında meydana gelen değişimin % 54'ünü açıkladığını göstermektedir. MIK-EMGrms
vibrasyon sırasında anlamlı olarak arttı. Regresyon analizi, vibrasyon sırasında MIK-EMGrms'de
meydana gelen değişim için ultradistal (UD) radius KMI'nin bağımsız bir belirteç olduğunu ortaya
çıkardı. Bu analiz aynı zamanda, UD radius KMI'nin MIK-EMGrms'de vibrasyon sırasında meydana
gelen değişimin %28.3'ünü açıkladığını göstermektedir. H-refleksi vibrasyon sırasında tüm
olgularda suprese veya deprese oldu. SSoonnuuçç::  Bu çalışma, siklik mekanik yüklenmeye maruz kalan
kemiğin, KMI'ne bağlı olarak, kas elektriksel aktivitesini etkileyebileceğini öne sürmektedir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Kemik ve kemikler; kas, iskelet; titreşim  
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func ti o nal co o pe ra ti on exists bet we en bo -
nes and ske le tal musc les. Bo nes work to-
get her with musc les as a simp le mec ha ni cal

le ver system to pro du ce body mo ve ment. One of
the im por tant func ti ons of bo nes is to exert re sis -
tan ce aga inst gra vity in or der to carry the body. In
or der to carry out the ir mec ha ni cal func ti ons, bo -
nes ne ed to ha ve con si de rab le re sis tan ce to de for -
ma ti on un der lo ad.1 It is well-known that musc le
ac ti vity (i.e., exer ci ses) im pro ves the re sis tan ce of
bo ne to mec ha ni cal lo a ding, and that it is al so im-
por tant for tre a ting and pre ven ting os te o po ro sis.
Re sis tan ce and im pact tra i ning ha ve be en shown
to in du ce bo ne for ma ti on and/or pre vent bo ne re-
sorp ti on.2-4 Ske le tal musc les ha ve po si ti ve ef fects
on bo ne struc tu re and func ti on. Can bo nes ha ve an
ef fect on musc le ac ti vity? The re is only one study
abo ut the ef fect of bo nes on musc les. In this study,
it was shown that bo nes may af fect musc le strength
ga in in he althy yo ung adult ma les.5

Vib ra ti on has a strong os te o ge nic ef fect.6,7 Vi-
b ra ti on-in du ced bo ne for ma ti on is ne u ro nally re g-
u la ted.8 Vib ra ti on can al so ef fec ti vely en han ce
musc le strength and po wer.9-13 Pre vi o us stu di es ha -
ve shown that vib ra ti on in cre a ses musc le elec trom -
yog ra hic (EMG) ac ti vity.14-22 But, it has not be en
re por ted whet her bo ne has an ef fect on the in cre -
a se in musc le EMG ac ti vity ca u sed by vib ra ti on or
not. The aim of this study was to de ter mi ne whet -
her ra di us bo ne ex po sed to cyclic mec ha ni cal lo a -
ding af fects musc le elec tri cal ac ti vity of m. fle xor
car pi ra di a lis in he althy adult vo lun te ers.

MATERIAL AND METHODS
The cur rent study was a pros pec ti ve, do ub le-blind,
uni cen ter cli ni cal tri al. 

ET HICS

The study was per for med in ac cor dan ce with the
prin cip les of Dec la ra ti on of Hel sin ki. Et hi cal ap-
pro val was ob ta i ned from the Ins ti tu ti o nal Re vi ew
Bo ard. This study was al so re gis te red Cli ni cal Tri-
als Pro to col Re gis tra ti on System. Pro to col ID is
VGE AH FTR-2, Cli ni cal Tri als.gov ID is
NCT00961870. All par ti ci pants we re vo lun te ers
and pro vi ded writ ten in for med con sents. 

PAR TI CI PANTS

Eighty-thre e sub jects who vo lun ta rily ac cep ted to
par ti ci pa te in the study we re as ses sed for eli gi bi -
lity. The fol lo wing inc lu si on cri te ri a we re con si de -
red for the study: 20-55 ye ars of age and right
hand-do mi nan ce. Eighty-two sub jects met the se
cri te ri a. Hand do mi nan ce was de ter mi ned by the
pre fer red hand for wri ting. 

Exc lu si on cri te ri a we re chro nic me ta bo lic/en -
doc ri ne bo ne di se a se (inc lu ding os te o po ro sis), my-
o pathy, ten di no pathy, ne u ro lo gic di sor ders
(hypo est he si a/anest he si a, epi lepsy, pa raly sis), der-
ma to lo gic di se a se, pe rip he ral vas cu lar di se a se, jo -
int di se a se, non-co o pe ra ti ve sub ject, pro fes si o nal/
re gu lar sports ac ti vity (ten nis, vol ley ball, etc.), en-
ga ge ment in he avy lif ting work, his tory of right fo -
re arm/hand tra u ma, frac tu re or me ta lic imp lants. 

Twenty-six sub jects we re exc lu ded from the
study. Eight sub jects had post me no pa u sal or se con -
dary os te o po ro sis, one sub ject  had os te o ma la ci a;
and one sub ject was a wrest ler. Ten sub jects we re
exc lu ded be ca u se the me a su re ments co uld not be
comp le ted du e to the pa in in the ir right wrist du r-
ing vib ra ti on. Anot her six sub jects we re exc lu ded
be ca u se they did not per form the fo re arm du al-
energy X-ray ab sorp ti o metry (DXA) scan. Con se -
qu ently, this study was con duc ted on 56 sub jects
(17 fe ma les, 39 ma les) who comp li ed with the inc -
lu si on and exc lu si on cri te ri a and had all ne ces sary
me a su re ments ava i lab le. This study re port fol lo wed
the gu i de li nes of the CON SORT sta te ments (Fi gu -
re 1).

The me an age of sub jects was 34.0 (20-55) ye -
ars. Se ven te en of the sub jects we re fe ma le and 39
we re ma le. The me an age was 34.7 ± 7.5 ye ars in
fe ma les and 33.7 ± 9.9 ye ars in ma les (p=0.723). The
me an body mass in dex was 25.8 ± 2.9 kg/m2 in fe-
ma les and 26.4 ± 3.4 kg/m2 in ma les (p=0.542).

EX PE RIMEN TAL TESTS AND ME A SU RE MENTS

A- Fo re arm Vib ra ti on

The fo re arm vib ra ti on de vi ce con sis ted of a joys -
tick unit, a we ight (vib ra ti on lo ad)-pul ley system
and a con trol pa nel. The sub ject was se a ted in an
arm cha ir. The right fo re arm was pla ced on the vi-



b ra ti on de vi ce with the sho ul der in 30 deg re es ab-
duc ti on, the el bow in 90 deg re es fle xi on and the
fo re arm and wrist in a ne ut ral po si ti on. The axis of
ro ta ti on of joys tick unit was alig ned with that of
the right wrist jo int (Fi gu re 2, 3). The sa me po si ti -
on was ma in ta i ned in all ex pe ri ments.

The joys tick unit was ca pab le of per for ming
both an an gu lar and a sli ding mo ti on si mul ta ne o -
usly.  The vib ra ti on ef fect was ob ta i ned by an gu lar
mo ti on, and the com pres si on ef fect was ob ta i ned
by the sli ding mo ti on of the joys tick unit.

The an gu lar mo ti on of the joys tick unit was
pro vi ded by an elec tric mo tor, with a ran ge of 6 de-
g re es. Vib ra ti ons in the 30-100 Hz fre qu ency ran -
ge we re re por ted to pro vi de mo re in cre a se in
musc le elec trom yog rap hic (EMG) ac ti vity.10,19,23

The fre qu ency of vib ra ti on was 46 Hz in the study.

The vib ra ti on lo ad was at tac hed with a ro pe
and pul ley system to the joys tick to pro vi de mec -
ha ni cal lo a ding to the dis tal fo re arm. The vib ra ti on
lo ad was equ al to 1/3 of the ide al body we ight of
the sub ject. Ide al body we ight was cal cu la ted as
(Ide al body mass in dex) x (body he ight)2 . The me -
an vib ra ti on lo ad was 20.2 (18-23) kg in fe ma les
and 23.8 (18-28) kg in ma les.

B- Elec troph ysi o lo gic Tests

The musc le elec tri cal ac ti vi ti es and H-ref lex we re
eva lu a ted in the right fle xor car pi ra di a lis (FCR)
musc le.

I- Me a su re ments of Musc le Elec tri cal Ac ti vity

Me a su re ments of musc le ac ti vity we re per for med
by an EMG bi o-fe ed back de vi ce (Ne u rot rac ETS,
Ve rity Me di cal, U.K.). The amp li tu de of the sur fa -
ce EMG was de ri ved from the ro ot me an squ a red
form of the raw sig nal. The EMG-ro ot me an squ a -
re (EMGrms) rep re sen ting the me an po wer of the
sig nal was ex pres sed as mic ro volt (µV).  

One mi nu te of musc le elec tri cal ac ti vity was
re cor ded in the FCR musc le at rest. The me an ac-
ti vity was de fi ned as the rest-musc le elec tri cal ac-
ti vity (rest-EMGrms) (Fi gu re 4a, 4b).

To me a su re musc le elec tri cal ac ti vity at ma xi -
mal vo lun tary con trac ti on, the sub ject per for med a
se ri es of bri ef (5 se conds) MVCs se pa ra ted by rest
in ter vals of 5 se conds (Fi gu re 4c, 4d). The me an of
the musc le elec tri cal ac ti vity re cor ded du ring 5
MVCs was de fi ned as the ma xi mal vo lun tary con-
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FIGURE 1: Flow chart of participants considered for inclusion.

FIGURE 2: Experimental design. a. Control panel, b. LCD Monitor, c. EMG
device, d. Vibration device; d1. Joystick unit,  d2. Vibration load.

FIGURE 3: Localization of surface EMG electrodes for EMGrms records.
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trac ti on-musc le elec tri cal ac ti vity (MVC-EMGrms).
Da ta we re ac cep ted if the co ef fi ci ent of va ri a ti on for
MVC-EMGrms va lu es did not ex ce ed 15%.

Vib ra ti ons ge ne ra ted pe cu li ar, non-neg li gib le
mo ti on ar ti fact on skin elec tro des, re sul ting in an
ove res ti ma ti on of mus cu lar ac ti vity.19,24,25 Ap prop -
ri a te fil te ring was used to ob ta in ar ti fact-fre e sig-
nals in this study. Vib ra ti on fre qu ency was 46 Hz,
whi le band pass fil ter was 100 Hz and 370 Hz.  In
or der to pre vent a re la ti ve mo ti on bet we en skin
and elec tro de, cer ta in pre ca u ti ons we re ta ken, in-
c lu ding (1) the sha ving and cle a ning of the skin
whe re the elec tro des we re to be pla ced; (2) self-ad -
he si ve skin elec tro des; (3) using the sa me elec tro -
de for no mo re than two sub jects.

The re cor ding elec tro des were pla ced on the
skin co ve ring the belly of the right FCR musc le.
The dis tan ce bet we en the two elec tro des was 2 cm.
Gro und elec tro des we re pla ced la te ral to the se
elec tro des. Elec tro de (Du ra-Stick® II Chat ta no o ga
gro up) si ze was 5x5 cm (Fi gu re 3). 

EMG ran ge: 0.2 to 2000 µV RMS (con ti nu o us),
sen si ti vity: 0.l µV RMS, Band pass fil ter: 3dB Band-
width, 100 Hz ± 5% to 370 Hz ± 10%. Ac cu racy:
4% of µV re a ding ±0.3 µV at 200 Hz.

II- Me a su re ments of H-Ref lex 

Pe ak-to-pe ak amp li tu des of the H-ref lex and M-
wa ve we re de ter mi ned. The amp li tu de of H-ref lex
in cre a sed li ne arly with in cre a sing sti mu lus in ten -

sity. Af ter the ma xi mum H-ref lex amp li tu de
(Hmax) was ob ta i ned,  the amp li tu de of H-ref lex
dec re a sed  with in cre a sing sti mu lus in ten sity.

The ma xi mum M-wa ve amp li tu de (Mmax)
was de ter mi ned by in cre a sing sti mu lus in ten sity to
the po int at which no furt her in cre a se in amp li tu -
de of mo tor res pon se was ob ta i ned and H-ref lex
was al so sup pres sed (abo lis hed). 

The sta bi lity of the Mmax amp li tu de in each
test po si ti on was re gar ded as pro of of an unc han ged
re la ti on bet we en ner ve, musc le and elec tro des.

The H-ref lex was evo ked with bi po lar sti mu -
la ting sur fa ce elec tro des (cat ho de pro xi mal, in te re -
lec tro de dis tan ce 2 cm). Elec tro des we re con nec ted
to a cons tant-cur rent sti mu la ti on unit (Key po int
Por tab le® Al pi ne Bi o med). Rec tan gu lar elec tric
pul ses of 0.5 msec du ra ti on at a fre qu ency of 1 Hz
we re used. The right me di an ner ve was sti mu la ted
just abo ve the el bow. For de ter mi ning pro per elec-
tro de po si ti o ning, a sti mu la tor elec tro de was pla -
ced over the pre dic ted path of the ner vus me di a nus
and then ca re fully mo ved un til the best M wa ve
was ob ta i ned.

The re cor ding elec tro des we re pla ced on the
skin co ve ring the belly of the right FCR musc le; the
re fe ren ce elec tro de was pla ced 2 cm dis tally (Fi gu -
re 5). Sig nals we re amp li fi ed from dis po sab le, pre -
gel led, self-ad he ring Ag-AgCl elec tro des (15x20
mm, Med tro nic®) Sen si ti vity: 5mV, Fil ters: Low
pass 20 Hz, High pass 10 kHz.  Swe ep spe ed: 10
ms/D. 

A ro und (15 mm) pre-gel led, Ag-AgCl self-ad -
he si ve gro und elec tro de (Ken dall®) was pla ced be-
t we en the sti mu la ting and re cor ding elec tro des
(Fi gu re 5).  

C- Me a su re ments of Bo ne Mi ne ral Den sity and Con tent

Af ter the ex pe ri ment, the right dis tal ra di us [ul tra -
dis tal (UD) ra di us, mid ra di us and to tal ra di us] bo -
ne mi ne ral den si ti es (BMD) and bo ne mi ne ral
con tents (BMC) we re me a su red by DXA (GE-LU -
NAR DPX PRO Lu nar Cor po ra ti on, Ma di son, WI,
USA) in all par ti ci pants. The co ef fi ci ent of va ri a ti -
on for all dis tal ra di us BMD me a su re ments was be -
low 1.41%.

FIGURE 4: Surface EMG records: a. Rest-EMGrms before vibration, b. Rest-
EMGrms during vibration, c. Maximal voluntary contraction-muscle electrical
activity before vibration, d. Maximal voluntary contraction-muscle electrical
activity during vibration.
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D- Pro ce du re

Sub jects vi si ted the la bo ra tory on one oc ca si on for
tes ting. Then, fo re arm DXA scan was per for med.
Ex pe ri ment pro to col was sche ma ti zed in Fi gu re 6.

An LCD mo ni tor disp la ying mo tor unit ac ti -
vity with sur fa ce EMG of FCR musc le was used to
pro vi de vi su al fe ed back when the sub jects we re as -
ked to comp le tely re lax the musc les of the ir fo re -
arm du ring both tra i ning (Fi gu re 2). Af ter the
tra i ning (fa mi li a ri za ti on) pe ri od, rest-EMGrms we -
re me a su red be fo re and du ring vib ra ti on.

Sub jects we re al so tra i ned for ma xi mal vo lun -
tary con trac ti on of FCR. Fol lo wing a 1-mi nu te pe-
ri od of rest, MVC-EMGrms was me a su red be fo re
and du ring vib ra ti on. Du ring the tests, par ti ci pants
we re gu i ded and en co u ra ged to per form ma xi mal
musc le per for man ce by stan dar di zed au di tory fe -
ed back in every re pe ti ti on. 

Af ter me a su ring musc le elec tri cal ac ti vity, the
po si ti on of the EMG bi o-fe ed back elec tro des were
mar ked on the skin with a se mi-per ma nent mar -
ker and then re mo ved from the skin. The ot her
elec tro des we re then pla ced for H-ref lex tes ting.
Sub jects we re re qu i red to try to re ma in re la xed
thro ug ho ut the H-ref lex tes ting.  Be fo re vib ra ti on,
Mmax  and Hmax we re res pec ti vely me a su red at
rest. Whi le Hmax was eli ci ted, vib ra ti on app li ca ti -
on was star ted wit ho ut chan ging the lo ca ti on of the
elec tro des or the po si ti on of the sub jects. H-ref lex
res pon se was tri ed to eli cit aga in du ring vib ra ti on
app li ca ti on. Af ter H ref lex study, Mmax was me a -
su red du ring vib ra ti on. 

Im me di a tely af ter vib ra ti on, Hmax and Mmax
we re res pec ti vely me a su red on ce aga in. Sub jects
we re then al lo wed a rest pe ri od of 5-mi nu tes. EMG
bi o-fe ed back elec tro des we re aga in pla ced over the
skin re gi on which was mar ked by a se mi-per ma -
nent mar ker pre vi o usly. First, rest-EMGrms du ring
vib ra ti on was me a su red. Sub jects we re al lo wed to
rest for 5 mi nu tes aga in. Du ring vib ra ti on, MVC-
EMGrms was me a su red. Each vib ra ti on was app li -
ed for abo ut 1 mi nu te.

As vib ra ti on was app li ed, cer ta in pre ca u ti ons
we re ta ken in ad di ti on to the tra i ning pro to col
to pre vent vo lun tary musc le con trac ti ons du ring
the rest pe ri od, sin ce they co uld af fect musc le elec-
tri cal ac ti vity. To pre vent a sub ject’s hand from
slip ping over the joys tick du ring vib ro com pres si -
on, and thus ca u sing musc le con trac ti on du e
to his/her at tempt to re-grab the joys tick, sub jects
wo re a rub ber glo ve, and the dis tal ra di us was sup-
por ted from both the me di al and la te ral si des (Fi g-
u res 3 and 5).

Any comp la int (such as pa in, pa rest he si a) of
the right up per ex tre mity du ring vib ra ti on was qu -

FIGURE 5: Localization of surface EMG electrodes for H-reflex records.

FIGURE 6: Experimental protocol and flow chart. 
MVC: maximal voluntary contraction, Mmax: maximum M-wave amplitude, 

Hmax: maximum H-reflex amplitude, DXA: Dual-energy X-ray absorptiometry.
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es ti o ned. Test ro om tem pe ra tu re was ma in ta i ned
at 25.0 ± 1.0 0C du ring the study.

BLIN DING

In this study, the ef fects of bo ne on chan ges of
musc le elec tri cal ac ti vity du ring vib ra ti on we re ex-
a mi ned. Sin ce the right dis tal ra di us BMD/BMC
me a su re ments we re do ne af ter elec troph ysi o logy,
ne it her the sub jects nor the re se arc hers who me a -
su red the musc le elec tri cal ac ti vity (MAS & IK)
knew the dis tal ra di us BMD/BMC va lu es.
BMD/BMC me a su re ments we re do ne by AO, and
she did not ha ve any in for ma ti on abo ut the re sults
of elec troph ysi o lo gi cal me a su re ment. Thus, this
was a do ub le-blind study sin ce both the re se arc -
hers and the sub jects we re blind in terms of the ef-
fects of bo ne on chan ges of musc le elec tri cal
ac ti vity oc cur ring du ring vib ra ti on tests.

STA TIS TICAL ANALY SIS

The nor mal dis tri bu ti on of da ta was con fir med
with the Kol mo go rov-Smir nov test. Con ti nu o us
va ri ab les we re sum ma ri zed as arith me tic me ans
and stan dard de vi a ti ons (SD).  

The EMGrms me a su red at vib ra ti on was nor-
ma li zed: 

Nor ma li zed rest  EMGrms = [(rest EMGrms at
vib ra ti on)  - (rest EMGrms be fo re vib ra ti on)] x100
/ (rest EMGrms be fo re vib ra ti on)

Nor ma li zed MVC EMGrms = [(MVC EMGrms
at vib ra ti on) - (MVC EMGrms be fo re vib ra ti on)]
x100 / (MVC EMGrms be fo re vib ra ti on)

To com pa re H-ref le xes bet we en sub jects and
con di ti ons, Hmax was nor ma li zed to the Mmax
(Hmax/Mmax).

The un pa i red samp les t-test was used to analy -
ze the sta tis ti cal dif fe ren ce in the BMD, BMC, rest-
EMGrms, MVC-EMGrms bet we en ma les and
fe ma les. Me a su red va lu es of the musc le elec tri cal
ac ti vity be fo re and du ring vib ra ti on we re com pa -
red with the pa i red samp les t-test in ma les and fe-
ma les. Me a su red va lu es of the Hmax and Mmax
be fo re, du ring and af ter vib ra ti on we re com pa red
with ge ne ral li ne ar mo del re pe a ted me a su res. The
Bon fer ro ni test was app li ed for  pa ir wi se com pa ri -
sons. Using a Bon fer ro ni cor rec ti on [1-(1-a)1/n] with

a=0.05 and n=3, re sults with a p va lu e ≤ 0.017 we -
re con si de red sig ni fi cant, whe re n was the num ber
of ex pe ri ments for H-ref lex. 

A mul tip le li ne ar reg res si on analy sis was per-
for med to de tect in de pen dent pre dic tors for the oc-
cur ren ce of the chan ge in the rest-EMGrms du ring
vib ra ti on and to find con fo un ding ef fects bet we en
po ten ti ally in de pen dent pre dic tors. A va ri ab le was
en te red in to the mo del if the pro ba bi lity of its sco -
re sta tis tic was less than the Entry va lu e (0.05) and
was re mo ved if the pro ba bi lity was gre a ter than the
Re mo val va lu e (0.1). A step wi se met hod was used
to cons truct mul tip le li ne ar reg res si on mo dels.
This reg res si on analy sis was al so app li ed for MVC-
EMGrms. A p va lu e of less than 0.05 was con si de -
red sta tis ti cally sig ni fi cant.

PASW Sta tis tic 18 da ta ma na ge ment soft wa re
pac ka ge was used.

Po wer Analy sis

For the gi ven ef fect si ze (po pu la ti on me an dif fe -
ren ce of rest-EMGrms of 35.8, SD 27.2), samp le si -
ze (56 pa irs), and alp ha (0.05, 2-ta i led), po wer is
0.989. 

RESULTS
The right dis tal ra di us BMD and BMC va lu es were
shown in Tab le 1.

The rest-EMGrms in cre a sed du ring vib ra ti on
(Tab le 2). The me an in cre a se in rest-EMGrms was
35.8 ± 27.2 µV in all sub jects.

Mul tip le li ne ar reg res si on analy sis re ve a led
that UD ra di us BMC was an in de pen dent pre dic tor

Region of interest Male (n=39) Female (n=17) p value

BMD (g/cm2) UD-radius 0.587 (0.076) 0.531 (0.057) 0.009

Mid-radius 0.924 (0.085) 0.841 (0.071) 0.001

Total-radius 0.768 (0.072) 0.704 (0.055) 0.002

BMC (g) UD-radius 2.20 (0.30) 1.72 (0.19) 0.0001

Mid-radius 2.68 (0.31) 2.10 (0.21) 0.0001

Total-radius 12.25 (1.75) 9.09 (0.78) 0.0001

TABLE 1: The right distal radius bone mineral density
(BMD) and bone mineral content (BMC) [mean(SD)].

UD: ultradistal
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for the chan ge in the rest-EMGrms with vib ra ti on
[in cre a se in rest-EMGrms= 7.082 (UD ra di us
BMC)]. Ho we ver,  age, gen der, mid ra di us BMC, to -
tal ra di us BMC and dis tal ra di us BMDs we re not (R=
0.741, Ad jus ted R squ a re= 0.540 F= 65.6   p=0.0001)
(Tab le 3). This analy sis al so in di ca ted that UD ra di -
us BMC exp la i ned only 54.0% of the va ri an ce in the
rest-EMGrms of FCR with vib ra ti on.

Du ring MVC, 12.2% (16.4 ± 14.2 µV) dec re a -
se in musc le elec tri cal ac ti vity was de tec ted in 9
sub jects (3 fe ma le, 6 ma le) with vib ra ti on whi le
26.4%  (37.8 ± 38.6 µV) in cre a se in musc le elec tri -
cal ac ti vity was de tec ted in 47 sub jects (14 fe ma les,
33 ma les) with vib ra ti on. Des pi te the two op po sed
ef fects, the sta tis ti cal analy sis of the who le po pu la -
ti on in di ca ted that the me an ef fect was an in cre a -
se of MVC-EMGrms du ring vib ra ti on (Tab le 4).
The me an in cre a se in rest-EMGrms was  20.2 ±
29.5 µV in all sub jects.

Mul tip le li ne ar reg res si on analy sis re ve a led that
UD ra di us BMC was an in de pen dent pre dic tor for
the chan ge in MVC- EMGrms with vib ra ti on [in-
cre a se in MVC-EMGrms= 7.082 (UD ra di us BMC)].
Ho we ver, age, gen der, mid ra di us BMC, to tal ra di -
us BMC and dis tal ra di us BMDs  we re not.  (R=
0.544, Ad jus ted R squ a re= 0.283 F= 22.7   p=0.0001)
(Tab le 3). This analy sis al so in di ca ted that UD ra di -

us BMC exp la i ned only 28.3% of the va ri an ce in the
MVC- EMGrms of FCR with vib ra ti on.

Be fo re the ex pe ri ments, FCR H-ref lex was
evo ked and re cor ded in only 33 of the sub jects. In
24 sub jects out of 33 who se H-ref lex was eli ci ted, it
was fo und that H-ref lex was sup pres sed (abo lis hed)
du ring vib ra ti on. Then, it was re co ve red wit hin 30
se conds af ter vib ra ti on. 

In 9 sub jects out of 33 who se H-ref lex was eli -
ci ted, it was fo und that H-ref lex was dep res sed (re-
du ced) du ring vib ra ti on. Hmax amp li tu de
me a su red du ring vib ra ti on was lo wer than Hmax
me a su red both be fo re vib ra ti on (p=0.003) and af -
ter vib ra ti on (p=0.005). Al so, the Hmax/Mmax me -
a su red du ring vib ra ti on was lo wer than the
Hmax/Mmax me a su red both be fo re vib ra ti on
(p=0.007) and af ter  vib ra ti on (p=0.003) (Tab le 5).

It was fo und that Mmax did not chan ge du ring
or af ter vib ra ti on in all 33 sub jects.

Mild pa rest he si a in the right hand oc cu red du -
ring vib ra ti on and re sol ved comp le tely wit hin 5-
10 se conds af ter vib ra ti on in all ca ses.

DISCUSSION

The pre sent study had two ma in sets of fin dings.
First, vib ra ti on-in du ced in cre a ses in musc le elec-
tri cal ac ti vity of FCR, was re la ted to UD ra di us
BMC. Se condly, the FCR H-ref lex was sup pres sed
or dep res sed du ring vib ra ti on.

Pre vi o us stu di es ha ve shown that EMG ac ti -
vity at rest was in cre a sed by vib ra ti on.17,23 In the
pre sent study, it was fo und that the re was an in-
cre a se in EMG ac ti vity at rest du ring vib ra ti on, and
that UD ra di us BMC might ha ve an ef fect on this
in cre a se. 

Rest-EMGrms Male (n=39) Female (n=17) p value

Before vibration 2.9 (1.5) 3.1 (0.9) 0.507

During vibration 36.9 (28.9) 43.1 (23.5) 0.442

p value 0.0001 0.0001

TABLE 2: Rest muscle electrical activity (Rest-EM-
Grms) (µV) before and during vibration [mean(SD)]

Unstandardized Coefficients Standardized Coefficients

Dependent variable Independent variable B Std Error Beta t p value

Rest-EMGrms UD radius BMC 7.082 0.874 0.741 8.103 0.0001

MVC-EMGrms UD radius BMC 9.355 1.963 0.544 4.765 0.0001

TABLE 3: Results of multiple linear regression for increase in rest-EMGrms and MVC-EMGrms.

MCV-EMGrms : Maximal voluntary contraction-muscle electrical activity
Rest-EMGrms: Rest-muscle electrical activity
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Pre vi o us stu di es re por ted an in cre a se in vo lun-
tary musc le con trac ti on-EMGrms ac ti vity du ring
vib ra ti on.18,19,21,25 The re sults of the pre sent study
consistent with tho se re por ted in the li te ra tu re.
This study al so sug ges ted that BMC might ha ve an
ef fect on the MVC-EMGrms chan ges.

Sta tis ti cal analy sis in di ca ted that UD ra di us
BMC exp la i ned only 28.3% of the va ri an ce in the
MVC-EMGrms with vib ra ti on. It se ems that the
con tri bu ti on of UD ra di us BMC to MVC-EMGrms
chan ges we re mo re li mi ted than its con tri bu ti on to
rest-EMGrms chan ges. This fin ding can be exp la i -
ned by musc le fa ti gu e. The vib ra ti on lo ad sho uld
be in an op ti mal ran ge to eli cit strength and po wer
en han ce ment. Vib ra ti on su pe rim po sed MVC may
eli cit ne u ro mus cu lar fa ti gu e and a dec li ne in EMG
ac ti vity.10,26,27 For so me of our sub jects, MVC-EM-
Grms did not in cre a se, rat her they dec re a sed. In
the se ca ses, it might ha ve be en du e to ex ces si ve vi-
b ra ti on lo ad that ca u sed musc le fa ti gu e. In this
study, the vib ra ti on lo ad was equ al to 1/3 of the
ide al body we ight of the sub jects. This lo ad might
ha ve be en ex ces si ve, so the lo ad re qu i red to apply
op ti mal mec ha ni cal lo ad to the dis tal ra di us sho uld
be de ter mi ned in fu tu re stu di es using dif fe rent
met hods.

PO TEN TI AL NE U RO LO GI CAL MEC HA NISMS OF 
VIB RA TI ON-IN DU CED IN CRE A SES IN EMG AC TI VITY

EMG ac ti vity in cre a se in du ced by vib ra ti on is at tri -
bu ted to so me ne u ro lo gic mec ha nisms such as an
en han ce ment of rec ru it ment and synchro ni za ti on
of mo tor units.16,19,23,28 Va ri o us re cep tors may ac ti -
va te the se ne u ro lo gi cal mec ha nisms. The most stu -
di ed re cep tor is musc le spind le. At tempts to exp la in
vib ra ti on-in du ced in cre a ses in EMG ac ti vity are of -
ten ba sed on the to nic vib ra ti on ref lex (TVR). TVR
ac ti va tes the musc le spind les, the reby en han cing
the ex ci ta tory dri ve ref lex of the alp ha mo to ne u -
rons. 18,22,29-31 Bos co et al. have sug ges ted that mec -
ha nism vib ra ti on, which ca u ses the ac ti va ti on of
the gam ma fu si mo tor in put that en han ces musc le
spind le sen si ti vity and the disc har ge of gro up Ia af-
fe rents, in cre a ses mo to ne u ron ac ti va ti on.15,32 Ne v-
ert he less, it was shown that the vib ra ti on tre at ment
did not en han ce musc le spind le sen si ti vity.33,34

H-ref lex, li ke TVR, is eli ci ted by gro up Ia af fe -
rents sti mu la ting the alp ha mo tor ne u ron. Se ve ral
stu di es ha ve shown that the vib ra ti on sup pres ses
the H-ref lex amp li tu de.27,35-37 In the pre sent study,
FCR H ref lex was fo und to be sup pres sed or dep -
res sed du ring vib ra ti on, as well. H-ref lex sup pres -
si on/dep res si on ca u sed by vib ra ti on is exp la i ned by
presy nap tic in hi bi ti on of musc le spind le gro up Ia
af fe rents. 25,38-40. Con se qu ently, musc le spind le can
not be res pon sib le for the in cre a sed musc le elec tri -
cal ac ti vity du ring vib ra ti on.

In ad di ti on to this study, many ot her stu di es
ha ve al so shown that vib ra ti on-in du ced to nic con-
trac ti on of musc les might co e xist with the in hi bi -
ti on of H-ref lex (vib ra ti on pa ra dox). To re sol ve

MCV- EMGrms Male (n=39) Female (n=17) p value

Before vibration 164.7 (61.7) 140.3 (43.2) 0.146

During vibration 197.0 (75.4) 162.1 (49.5) 0.087

p value 0.0001 0.009

TABLE 4: Maximal voluntary contraction-muscle 
electrical activity (MCV- EMGrms ) (µV) before and 

during vibration [mean(SD)].

Subjects with H-reflex suppressed (n=24) Subjects with H-reflex depressed (n=9)

Mmax (mV) Hmax (mV) Hmax/ Mmax Mmax (mV) Hmax (mV) Hmax/ Mmax

Before vibration 14.6 (2.9) 3.3 (1.4) 0.23 (0.08) 16.9 (3.6) 3.7 (1.5) 0.22 (0.07)

During vibration 14.7 (3.0) - - 16.0 (4.5) 1.4 (0.6) 0.10 (0.05)

After vibration 14.5 (2.9) 3.1 (1.8) 0.21 (0.10) 15.2 (3.1) 4.0 (1.7) 0.26 (0.09)

p value 0.645 0.407 0.493 0.575 0.010 0.003

TABLE 5: Changes in Hmax, Mmax, Hmax/Mmax of the right FCR muscle with vibration [mean(SD)].

Hmax: maximum H-reflex amplitude
Mmax: maximum M-wave amplitude
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vib ra ti on pa ra dox, it is sug ges ted that the TVR Ia
ref lex path way is polys ynap tic.38 Ho we ver, it has
be en shown that the TVR Ia ref lex path way is not
polys ynap tic, but pos sibly mo nosy nap tic.18,41 Con-
se qu ently, chan ges in musc le elec tri cal ac ti vity and
the H-ref lex res pon se in op po si te di rec ti ons sug-
gest that vib ra ti on-in du ced in cre a ses in EMG ac ti -
vity can not be exp la i ned by TVR. 

It might be ar gu ed that the sup pres si on/dep -
res si on of the H-ref lex may re sult from the sti mu -
la ti on of ot her mec ha no re cep tors such as cu ta ne o us
re cep tors, Gol gi ten don or gans, and jo int cap su le
re cep tors.

It is known that an acu te re duc ti on in tac ti le
sen si bi lity ap pe ars du ring and for a ti me af ter, ex-
po su re to vib ra ti on, and that this re duc ti on de-
pends to a lar ge ex tent on a dep res si on of the
ex ci ta bi lity of the tac ti le units.42,43 Gil li es et al. sho -
wed that the H-ref lex was not sup pres sed by the
se lec ti ve vib ra ti on of cu ta ne o us re cep tors, and that
this sup pres si on was still ob ser ved af ter the hind
limb was skin ned in cats.36 Cody et al. and Martin
et al. al so sho wed that the vib ra ti on of cu ta ne o us
re cep tors did not ca u se any sig ni fi cant ef fect on the
ref lex res pon se.18,20

Jo int re cep tor af fe rents of ten res pond in both
di rec ti ons (e.g. fle xi on and ex ten si on) and in mo re
than one axis of ro ta ti on (e.g. ab duc ti on/ad duc ti on
and ex tor ti on/in tor si on). Ac cor dingly, as a gro up,
jo int af fe rents ha ve a very li mi ted ca pa city to un-
am bi gu o usly en co de for ces app li ed thro ugh bo ne,
so it is highly un li kely that the se co uld ser ve as a
subs tra te for os se o per cep ti on.44 In the pre sent study,
cyclic mec ha ni cal lo a ding was app li ed over the long
axis of the ra di us. Du ring vib ra ti on, a to tal of 6 de-
g re es fle xi on-ex ten si on mo ve ment was app li ed to
the right wrist. We be li e ve that the ef fect of jo int
cap su le mec ha no re cep tor ac ti vity on chan ges of
EMGrms was in sig ni fi cant du ring vib ra ti on.

Ten dons con ta in spe ci a li zed sen sory en dings,
the en cap su la ted Gol gi ten don or gans. Musc le spin-
d le al so has se con dary en dings (gro up II af fe rents).
It is im pro bab le that se con dary spind le en dings and
Gol gi ten don or gans play any part in H-ref lex sup-
pres si on.35,36,39,44

BO NE MEC HA NO RE CEP TORS AND AF FE RENTS

An in cre a se in musc le elec tri cal ac ti vity at rest in-
di ca tes an in cre a se in mo tor ne u ron po ol ac ti va ti -
on.25,37 In the pre sent study, it was fo und that the re
was an in cre a se in EMG ac ti vity at rest du ring vi-
b ra ti on, and that the UD ra di us BMC might ha ve
had an ef fect on this in cre a se. This fin ding sup ports
the as sump ti on that, the bo ne ex po sed to cyclic
mec ha ni cal lo a ding may ne u ro nally re gu la te mus-
c le ac ti vity.

Ba sed on the bo ne myo re gu la ti on ref lex, bo ne
is sen si ti ve to mec ha ni cal sti mu li and can send me-
c ha ni cal in put sig nals to cen tral ner vo us system
(CNS) and so ne u ro nally re gu la te musc le ac ti vity.5

It is well-known that os te ocy tes are the pri mary
mec ha no-sen sors in bo ne. Os te ocy tes em bed ded
in bo ne mat rix are in ter con nec ted by nu me ro us
den dri tic pro ces ses to form a wi de, mec ha no sen si -
ti ve cel lu lar net work.1,45,46 Sen sory ner ve fi bers ter-
mi na te in the vi ci nity of bo ne cells. Alt ho ugh
the re is no synap tic con nec ti on bet we en bo ne cells
and the se fi bers,  bo ne cells may di rectly inf lu en -
ce sen sory ner ve sig na ling vi a the di rect, non-
synap tic con nec ti ons that exist bet we en sen sory
fi bers and bo ne cells.5,47 It has be en de mons tra ted
that bo ne ex po sed to cyclic mec ha ni cal lo a ding
sends mec ha ni cal in put sig nals to CNS.8,47 Ske le tal
musc les are supp li ed by alp ha mo tor ne u rons. The
func ti on and ac ti vity of the se musc les are re gu la -
ted by CNS.1

The pre sent study sug gests that bo ne (UD ra-
di us) has an ef fect on chan ge in musc le elec tri cal
ac ti vity of FCR musc le du ring vib ra ti on, and this
ef fect is re la ted to its BMC. Why is BMC re la ted
with the chan ge in musc le elec tri cal ac ti vity? A
pos sib le exp la na ti on for this is that os te ocy tes are
the pri mary mec ha no-sen sors in bo ne mat rix.

Os te ocy tes em bed ded in bo ne mat rix form a
re gu lar cel lu lar net work. The num ber of os te ocy tes
vary in nar row physi o lo gi cal li mits in he althy hu-
mans.1,48 Os te ocy te den sity po si ti vely cor re la tes
with BMC.49 The re fo re, UD ra di us BMC may be an
in di ca tor for the to tal num ber of os te ocy tes in he -
althy adults. Ho we ver, the to tal num ber of os te -
ocy tes in dis tal ra di us was not de ter mi ned in this
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study. Fu tu re stu di es are ne e ded to cle arly show
whet her os te ocy tes ha ve an ef fect on musc le elec-
tri cal ac ti vity du ring vib ra ti on.

STUDY LIMI TA TI ONS

The FCR H-ref lex co uld not be evo ked and re cor -
ded in so me vo lun te ers pri or to the ex pe ri ments.
The H-ref lex per cen ta ge oc cur ren ce va ri ed bet we -
en 73% and 100% of the po pu la ti on.37 In this study,
the FCR H-ref lex co uld be evo ked in only 33 of the
sub jects. The FCR H-ref lex was sup pres sed or dep -
res sed du ring vib ra ti on in all 33 sub jects. The re we -
re no ca ses whe re the H-ref lex amp li tu de was
unc han ged or in cre a sed du ring vib ra ti on. The se re-
sults al so compatible with tho se re por ted in the li t-

e ra tu re. The re fo re, we be li e ve that the lack of H-
ref lex res pon se in so me ca ses do es not ma ke the re-
sults qu es ti o nab le.

CONCLUSION
This is the first study eva lu a ting the ef fect of bo nes
on musc le elec tri cal ac ti vity. Ac cor ding to the re-
sults of the cur rent study con duc ted in he althy
adult vo lun te ers,  it may be sug ges ted that bo nes
can re gu la te musc le ac ti vity, ba sed on its BMC.
This fin ding is con sis tent with bo ne myo re gu la ti on
ref lex and may al so help to exp la in the in cre a ses in
vib ra ti on-in du ced musc le EMG ac ti vity. Po ten ti al
ef fects of the bo nes on musc le ac ti vity may help to
bet ter un ders tand exer ci se physi o logy.
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